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1. INTRODUCTION

1.1 Purpose of the TRM
This Technical Reference Manual (TRM) required by the Arizona Corporation Commission (Acc) in
Decision No. 73183, page 14, as well as in Section 9.15 of the Settlement Agreement states, "Arizona
Public Service's (APS) shall compile and make available to all parties of the docket a technical reference
manual documenting program and measure savings assumptions and incremental costs no later than
December 31, 2013. This manual would be updated on an annual basis as part of the Demand side
Management (DSM) implementation plan process and would serve as a reference tool for the Lost Fixed
Cost Recovery (LFCR) analysis." The original version of this TRM was Nled on December23, 2013. This
version was updated in December of 2016 to include updated algorithm input values for existing
measures based on Measurement, Evaluation and Research (MER). This version also includes updates
for the following additional measures as approved in the ACC Decision No. 75679 on August 5, 2016:

Smart Thermostats for the Consumer Products and Solutions for Business programs
Western Cooling Control for the Existing Residential HVAC and Solutions for Business
programs
Behavioral Demand Responsecomponent of the Residential Behavioral program
Linear Light Emitting Diodes (LEDs) for the Solutions for Business programs
Electrically Commutated Motors for HVAC Applications for the Solutions for Business
programs .

Therefore, the TRM not only documents all program and measure savings assumptions and incremental
costs for the APS portfolio of Energy Efficiency programs, but also per the directive given:

I
Q

Provides a common reference for all stakeholder regarding energy and demand savings
assumptions, calculations, incremental costs and their underlying sources.
Serves as a tool for identifying areas of uncertainty to be addressed via evaluation efforts and/or
other targeted end-use studies.

Provides APS with a reference tool for its LFCR analysis.

The TRM will be updated as part of future DSM implementation plans to reflect changes in savings and
incremental cost assumptions based on MER findings and annual variations in program activity. The
savings and costs presented here are specific to program year 2016.

1.2 Development Process
i
I
I

The measure characterizations and associated savings presented here are based on standard
engineering algorithms and models calibrated to APS's programs. Input values to these algorithms and
models are derived from APS program implementation tracking data and extensive measurement and
evaluation research activities including field metering studies, performance testing, building simulation,
billing analyses, secondary literature reviews, and trade ally and customer surveys, focus groups and
Delphi panels. The values identified in this TRM have been aggregated and summarized to represent
average savings at the measure level. All input assumptions are based on APS or Arizona-specific data,
where available, or from nearby regions with similar climates.
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1.3 Update Process

\

APS will provide an updated TRM reflecting all adjustments made as part of any future DSM
implementation plan, as approved by the Commission. Any MER findings resulting in adjustments to
measure level savings or cost assumptions will be reviewed with APS and formalized in an evaluation
issues memo. The TRM and supporting MAS will then be updated to rehect these MER findings. All
adjustments reflected in the TRM will be used from that point forward and will not be applied retroactively
to previously reported energy or demand reductions. For measures where assumptions are adjusted
mid-year, and thus annual savings calculated are based on two sets of assumptions, the TRM will reflect
the most recent adjustments.

1.4 Using the TRM

Each chapter in the TRM pertains to a specific EE program, with residential programs presented first,
followed by commercial programs. For programs with measures addressing multiple end-uses, the
chapter is sub-divided by those end-uses. For instance, the Consumer Products Program addresses
both residential lighting and pool pump end-uses. Therefore, the first part addresses lighting and the
second follows pools. Each end-use is further broken down into the following parts:

Algorithm Input Descriptions - this section defines the terms used as inputs to the
engineering algorithms and models used to derive savings. Such rems include operation hours,
efficiency ratings, capacities and sizes, and savings or adjustment factors. This section also
provides a description of the source and analysis method used to derive values for the specific
inputs.
Measure Characterization - this section lists all assumptions and algorithms that support the
savings and incremental costs for all measures within the APS portfolio of EE Measures. The
parameters for calculating savings and incremental costs are listed in the same order for each
measure in order to maintain a similar appearance for all of the measure characterization pages.
See section 1.5for further details on the measure characterization section.
Algorithm Input Values - this section provides numerical values in tabular format for
incremental costs and all algorithm inputs used to estimate savings. The values provided in this
section represent average estimates reflective of total program participation and account for
variation in site-specihc savings estimates. Site-specific savings can be estimated by applying
site~speci6c factors, such as equipment capacity, efficiency, building type, operation hours, etc.
to the engineering algorithms identified in the measure characterization section. .

For measures shared among programs, a full measure characterization will be provided under the
program the measure was initially filed under. This section will be referenced in chapters for programs
that also offer this measure. For instance, the duct test and repair measure is offered by both the
Existing Residential HVAC (ResHVAC) and Home Performance with Energy Star® (HPwES) programs.
Since this measure was initially filed under the former, the full measure characterization is presented
under ResHVAC, and referenced in the HPwES chapter. Any variations in assumptions for supporting
programs will be noted and addressed under the program's specific chapter.

All information is presented on a per-measure basis. In using the measure-specific information in the
TRM, it is helpful to keep the following notes in mind.
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•

•

Primary estimates of energy (kph) and coincident peak demand (kW) savings are for first-year
savings.
Lifetime energy savings can be calculated by multiplying first-year energy savings by the
measure effective useful lifetime.
Unless otherwise noted, effective useful lifetime is defined aS the estimated length of time in
years - savings are expected to persist.
Measure characterizations and savings estimates are "at the customer meter' and do not include
line losses or capacity reserve margins. Use the following equations to calculate "at the
generator' savings:

l

l
i

Equation 1-1. Energy Savings at the Generator

411%l=l\-aHwl....~a+u4...,)

Where:
= Energy savings at the generator

= Energy savings at the meter

= Line Loss Factor for energy (7.0%)

4*=""B1==
4HM\..n.»
H4--w

Equation 1-2. Demand Savings at the Generator

44*I!%n=4'=i4iu¢in*€1+f-*T=llln111ai9'(1+F99

Where:

='==4»
mqIlm.

5ilmil1nla
m e

Demand savings at the generator

Demand savings at the meter

Line Loss Factor for demand (11 .7%)

Capacity Reserve Margin (15%)

1.5 Measure Characterization
Each measure is characterized using the following sections. The following section defines the
information provided in each section. The measure characterization is meant to provide aggregated,
average values that support the MER verified savings.

Applicability-Defines the measure as one of the following options:retrofit early-retirement, rep/ace-on-
bumout, or new construction.The applicabilityserves as the basis for defining the appropriate baseline
and deriving incremental costs.

Applicable Programs - Defines which programs offer incentives for a given measure and for which the
measure characterization is applicable.

Measure Description - Describes the measure technology and targeted end-use.

Baseline Equipment Definltlon - Defines the baseline condition used to estimate savings based on the
applicability of the measure:
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New Construction (NC): Baseline is defined as the minimum specifications under federal, state
or jurisdictional energy code.
Replace on Burnout (ROB): Baseline is defined as the least-cost, minimum standard efficiency
equipment that could be installed to replace working equipment.
Retroft (RET): Baseline is defined as the existing, operational equipment for the effective useful
life of the measure. . .
Early Retirement (ER): Baseline is defined as the existing, operational equipment for the
remaining useful life of existing equipment and the least cost, minimum standard efficiency
equipment for the remainder of the effective useful lifetime of the measure.

Energy Efficient Equipment Definition ._ Defines the asteria that qualify equipment for program
rebates. Energy efficient specifications are often benchmarked to an energy efficiency specification, and
are modified to meet changing codes and efficiency standards.

Unit Basis - Defines the unit on which savings and incremental costs are normalized for a given
measure. For example, savings for a high efficiency air conditioner may be on either a "per unit" or "per
ton" or "per kBtuh" basis.

Effective Useful Life (EUL) - Estimate of the number of years that the measure installed is still in place
and operable. The EUL for each measure are determined from industry standard resources such as
ENERGY STAR, Database for Energy Efficiency Resources (DEER), American Council for an Energy-
EMcient Economy (ACEEE), primary research projects, or actual historical project details collected by
the utility and verified through the MER process.

I

Measure Cost - Measure costs consist of equipment/material, installation and removal (less salvage
value) costs paid by the participant, prior to the rebate. in addition, additional or deferred Operational and
Maintenance (O&M) costs are considered in the estimate of measure cost. Estimates of measure costs
are determined from various industry standard resources such as ENERGY STAR®, the California
Energy Commission and California Public Utilities Commission sponsored DEER, ACEEE, primary
research projects, or actual historical project details collected by the utility and verified through the MER
activities. Measure cost basis is often defined as either a) incremental or b) full installed as defined
below:

Incremental: Defined as the difference in material costs between the baseline and efficient
equipment. Installation and removal costs are assumed to be equal for the baseline and efficient
case and therefore are not considered a cost to the participant. The incremental costs basis is
typically applied for ROB and NC scenarios.

Full Installed: Defined as the cost of the efficient equipment including labor and removal costs (if
applicable) of the existing equipment. The full installed cost basis is typically applied for RET
and ER scenarios. For ER scenarios, the measure cost is often discounted for the eventual
replacement of the existing equipment with baseline equipment at the end of its remaining useful
life.

Annual Energy Savings Algorithm - The algorithm used to estimate annual energy savings at the
customer meter in kilowatt-hours (kph) for the measure.

Coincident Peak Demand Savings Algorithm - The algorithm used to estimate coincidence peak
demand savings at the customer meter in kilowatts (kW) for the measure.
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2. CONSUMER PRODUCTS PROGRAM

APS's Consumer Products Program has two components. The program promotes both energy efficient
lighting and energy efficient pool operations in the residential sector..

2.1 Residential Efficient Lighting

2. 1. 1 Algorithm Input Descriptions

Z 1. 1. 1 Residential and Commercial Split

This factor accounts for a portion of program bulbs purchased by commercial customers and installed in
commercial applications A study by Puget Sound Energy (PSE)1 estimated that 92% of bulbs are
purchased by residential customers, and 8% by commercial customers.

Savings for CFLs are calculated using a weighted average for each input value based on this 92%/8%
residential/commercial split. For LEDs, the values reflect residential operation parameters only (i.e. a
residential /commercial split of 100%/0%), assuming LED sales are largely influenced by early adopters
and likely do not have a substantial commercial presence. This impact affects hours of operation,
coincidence factor, demand interaction and energy interaction factors, as well as effective useful life.

2. 1. 1.2 Hours of Operation (OpHrs)

Hours-ofoperation is the average number of hours annually that a participant CFL or LED is on. The
value in Table 2-3 is derived from a 2014 field metering study and general population survey. The
metering study resulted in average operating hours by space type. The general population survey
resulted in the general distribution of participant CFLs and LEDs across space types. The final operating
hours utilized is the average of the space type specific hours weighted by the distribution of CFLs and
LEDs across those space types.

Annual hours of operation is listed in Section 2.1.3.

2.1.1.3 Coincidence Factor (CF)
:

I The Coincidence Factor (CF) is the fraction of program participants' peak demand savings occurring
during Aps' system peak. The values for CFLs and LEDs in Table 2-3 come from a 2014 field metering
study and general population survey, and an analysis of APS's system load.

The CF is presented in Section 2.1 .3.

' PSEltron 20142015 Residential Retail Lighting Impact Evaluation.
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Z 1.1.4 In-Sewice Rate (ISM)

The In-Service Rate (ISM) refers to the percent of incentivized bulbs that are installed and operational at
a given time. The values for CFLs and LEDs in Table 2-3 come from a 2014 Held metering study and
general population survey.

The ISM is presented in Section 2.1 .3.

2 1 . 1.5Leakage Rate (LR)

The Leakage Rate (LR) refers to the percent of bulbs that are incentivized through the program, but
installed outside of APS's service territory. A leakage rate analysis was conducted in 2009 on all
participating retailers. This analysis used U.S. Census data in combination with retailer location to
determine the likely proportion of APS and non-APS customers per participating retail location.

The LR is presented in Section 2.1.3.

2.1. 1.6 Demand Interaction Factor (DIF)

The Demand Interaction Factor (DIF) accounts for interactive effects between lighting demand and
HVAC demand so that the CFL and LED demand savings are the savings at the light source in addition
to any electrical savings at the cooling system and less any increase in electrical demand at the heating
system. Residential simulation modeling was used to determine the DIF.

The DIF is listed in Section 2.1.3.

.
I 21. 1. 7Energy Interaction Factor (ElF)

The Energy Interaction Factor (ElF) accounts for interactive effects between lighting energy consumption
and HVAC energy consumption so that the CFL and LED energy savings are the savings at the light
source in addition to any electrical savings at the cooling system and less any increase in electrical
energy consumption at the heating system. Residential simulation modeling was used to determine the
ElF.

The ElF is listed in Section 2.1.3.

2. 1.2 Measure Characterization

2. 1.21Applicability

Replace on Burnout

21 .22 Applicable Programs

This measure is applicable to the Consumer Products Program.
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2 1.23 Measure Description

This lighting end-use measure promotes energy efficient residential lighting. CFLs and LEDs offer a
longer effective useful life than other similar lighting sources and use less energy to produce a
comparable amount of light.

21.24Baseline Equipment Definition

The baseline lighting source is an incandescent or halogen bulb, where the baseline wattage is specific
to the efficient lamp type

Baseline values reflect both federal efficacy standards (Energy Independence and Security Act of 2007
and DOE's 2009 Rulemaking) and the market availability of bulbs that do not meet these standards.
Baseline calculations are based on analyses presented in a U.S. Environmental Protection Agency
report on next generation lighting programs.

The base wattages corresponding to specific CFL and LED lamp types are provided in Section 2.1 .for
2013.

21.25Efficient Equipment Definition

The efficient case refers to Energy Star® certified compact fluorescent lamps and light emitting diodes
ranging from 6 watts through 68 watts. .

The efficient wattage corresponding to specific CFL and LED lamp types are provided in Section 2.1.3.

2.1.z6Unit Basis

= This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

2.1.27Effective Useful Life

CFLs have an effective useful life of 5 years based on manufacturing specifications, an estimate of hours
of use per day accounting for the 92% residential and 8% commercial split, secondary literatures and an
82% in-service rate (lS).

LEDs have an effective useful life of 15 years based on ENERGY STAR recommendations effective at
the time the MAS sheet was created (e.g., minimum of 25,000 hours per bulb), an ISM of 95% and an
estimate of hours of use per day. Daily hours of use are drawn from the lighting-specific Ioadshape
based on metered data for APS service territory.

2 United Stale Environmental Protection Agency. Next Generation Lighting Programs: Opportunities to Advance Efficient Lighting
for a Cleaner Environment."
3Survival Analysis of SCE/CPUC CFL Lab Study. Brett Close, June 4, 2015.
http://www.calmac.org/publications/CFL_Lab_Study.pdf
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Z 1.28 Incremental Measure Cost

The incremental cost varies with lamp wattage. The efficient and baseline costs are weighted averages
of CFL, LED, halogen and incandescent bulb costs across manufacturers collected on-site at
participating retailers and on-line.

Specific incremental costs can be found in Section 2.1.3.

21.29 Energy Savings Algorithm

mn- gllmgu-YiZxqmineunxa-m=¢a+llD

Where:

Akwh
Wbase
W e e

OpHrs
ISM
LR
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
In-Service Rate
Leakage Rate
Energy Interaction Factor

2 1.2 10 Coincident Peak Demand Savings Algorithm

xaxmxg-u;x¢1+nsl;

Where:

AkWcoincidenl

Wbase

W ee

C F

I S M

L R

D I F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Coincidence Factor
In-Service Rate
Leakage Rate
Demand interaction Factor

21.211Bulbs InstalledFrom Storage Algorithm

This measure includes an estimate of annual savings for bulbs from previous program years that were
placed in storage. As mentioned above, the annual savings algorithm for program bulbs includes an in-
service adjustment which de-rates savings based on a portion of bulbs being placed in-storage. (See
section 2.1 .1 .4 for more details). These "in-storage" bulbs are assumed to be installed over the next
three years, and contribute to the annual savings goals claimed. The Uniform Methods Project (UMP)
recommends the algorithm below to account for savings from these bulbs as they come out of storage
and are placed in service during the successive three years. Under the UMP approach, the largest
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proportion of bulbs are assumed to come out of storage the first, year, fewer the second year, and fewer
the third year. The algorithm assumes a small percentage of bulbs are never removed from storage.
Table 2-1 and Table 2-2 present the methodology which is used to calculate three year in-service rates
for CFLs and LEDs. Total storage is calculated using the following equation:

>null..-.f-ic#--355l-a-l=Ioa»~
Where:

&8%-~1»=r
y r
e

nnnwrnsl

an
reel:

: Savings from bulbs coming out of storage

= Current program year

= Number of years prior to current program year

= Annual program savings from previous program years (yr-1, yr-

2 and yr-3)
= in-Service Rate from previous program years

= Percent of stored bulbs installed from previous program years

(yr-1, yr~2 and yr-3)

Table 2-1. Estimated Three-Year In-Service Rate Calculations for CFLs

Year Cumulative ln-
Service Rate-CFL

Percent
Installed from
S torage-C F L

41%

28%

14%

Year 1

Year 2

Year 3

Year 4

82.0%

89.4%

94.4%

97.0%

Table 2-2. Estimated Three-Year In-Sewice Rate Calculations for LEDs

Year Cumulative In-
service Rate-LED

Percent Installed
f rom  S torage-

LED

I
I

41 %

28%

9%

Year 1

Year 2

Year 3

Year4

95.4%

97.3%

98.6%

99.0%
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2.1.3 Algorithm Input Values

Table 2-3 presents the average operating parameters for lamps rebated through the Consumer Products
Program. These reflect the residential/commercial splits discussed above.

Table 2-4 presents the baseline watts, efficient watts, and incremental costs for all lamps rebated
through the Consumer Products Program. .

Table 2-5 and Table 2-6 presents the algorithm inputs for calculating savings from lamps removed from
storage and placed in service.

Table 2-3. Lighting Operating Parameters for the Consumer Products Program

DIFLRISMCFMeasure ElFOpHrs

0.294

0.303

6%

6%

82%

95%

0.13

0.08

998

986

CFLs

LEDs

0.107

0.102

Table 2-4. Efficient Wattages, Baseline Wattages, and Incremental Costs by Efficient Lamp Type

MeasuresBulb Type Baseline
W

Efficient
W

Incremental
Cost*

I.
I
I

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL

CFL Giveaway

LED

25 5
29 g
43 13
53 19
72 23
70 24
65 23

125 32
150 42
200 55
300 88
115 26
45 11
45 11
65 14
65 15
59 19
72 16

$1 .89

$1 .74

$1 .48

$1 .14

-$0.29

$0.88

$2.44

$7.20

$5.96

$12.45

$13.57

$8.78

$3.82

$1 .80

$0.74

$0.74

$1 .80

$7.70

25 Watt replacements

40 Watt replacements

60 Watt replacements

75 Watt replacements

100 Watt replacements

PAR 38 replacements

BR40 replacements

125 Watt replacements

150 Watt replacements

200 Watt replacements

300 Watt replacements

3 way replacements

11 Watt R20

11 Watt R20 Dimmable

14 Watt BR30

15 Watt BR30

Weighted Average

100 Watt Replacement
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1

53 14

43 10

29 5

70 18

67 12

LED

LED

LED

LED

LED

75 Watt Replacement

60 Watt Replacement

40 Watt Replacement

PAR 38 Replacement

Exempt Bulbs

$7.70

$2.93

$0.95

$7.70

$7.70

$1 .44

purchase

LED Giveaway Weighted Average 43 10

*For both CFLs and LEDs it is assumed that customerswould purchase at least a baseline model bulb at the time of the
so the retail cost of a CFL and LED are calculated as the eft7cienl cost less the baseline cost.

Table 2-5. Algorithm Inputs for CFL Bulbs Removed and Installed from Storage

lISMProgram Year t

3 18%

2 18%

1 18%

2014

2015

2016

13,399
11,269
12,352

Table 2-6. Algorithm Inputs for LED Bulbs Removed and Installed from Storage

ISMProgram Year 1 z..  M .

3

239
2

1

2014
2015
2016

0%
4.6%
4.6%

2.2 Variable Speed Pool Pumps

2.2.1 Baseline and Participant Pump Deseriptions

Energy and demand savings for this measure are determined using metered energy data collected at
single speed, dual speed, and variable speed pumps.

22 1. 1 Single Speed Pumps

Single speed pumps are pumps that operate at one fixed speed and are typically controlled with a
mechanical timer.

See Section 2.2.3for baseline weighting, average energy consumption, and average coincident demand.
I

221.2 Dual Speed Pumps

Dual speed pumps are pumps that operate at two fixed speeds and are commonly controlled with either
a mechanical timer or a digital control system.

See Section 2.2.3for baseline weighting, average energy consumption, and average coincident demand.
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2.21.3Variable Speed Pumps

Variable speed pumps can operate at several flexible speeds and are commonly controlled with either an
internal or external digital control system.

See Section 2.2.3 for participant variable speed pool pump's average energy consumption, coincident
demand, and incremental cost.

2.2.2 Measure Characterization

2.221 Applicability

Replace on Burnout and New Construction

2Z22Applicable Programs

This measure is applicable to the Consumer Products Program.

2 2 2 3 Measure Description

This measure promotes energy efficient residential pool operations by incentivizing pool pumps that are
capable of optimization, and training pool service professionals to optimize such pumps. Pool pumps
serve two primary functions (daily-cleaning and daily-filtration). As described in the pump affinity laws,
power demand increases exponentially with motor speed. Thus, reducing motor speed to the minimum
speed required for pool cleanliness saves wasted energy.

A single speed pump is typically sized to meet the highest motor speed required for a given pool's
characteristics. When the pump is serving other functions, energy is wasted. A dual speed pump is
typically sized so that its highest setting meets the highest motor speed required for a given pool's
characteristics. Because the settings are fixed, the two daily settings generally run at higher motor
speeds than necessary and energy is wasted. Variable speed pumps, however, enable pool technicians
to set a pool pump exactly to the lowest motor speed requirements for both the daily-cleaning and daily-
filtration settings, thus saving wasted energy.I

I

2.2.24 Baseline Equipment Defnition

The Consumer Products Program's baseline condition for estimating savings is a blend between single
speed (1/2) and dual speed (1/2) pool pumps. While the current appliance standards in Arizona indicate
a dual speed baseline, market research indicates that new and majorly renovated single speed pumps
are available". .

' Navigant's market research in 2014 determined that 1/2 of APS customers are complying with Arizonas pool pump appliance
standard, which mandates that customers purchase dual speed or variable speed pumps when replacing primary pool pumps. The
other 1/2of customers are purchasing new single speed pumps or repairing existing single speed pumps for primary pool
operations. This blend is expected to be 1/2 single speed pumps and 1/2dual speed pumps in 2015 as customers comply with the
standard.
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See Section 2.2.3for specific values. See Sections 2.2.3and 2.2.1 .2for more information on single and
dual speed pumps.

2225Efficient Equipment Definition

The efficient case refers to variable speed pool pumps incentivized through the Consumer Products
Program.

See Section 2.2.3 for specific values. See Section 2.2.1 .for more information on variable speed pool
pumps. .

2 2 2 6 Unit Basis

and incremental measure cost are determined on a "per pump" basis.This measure's incentive, savings,

2.227 Effective Useful Life

This measure has an effective useful life of 12 years based on interviews with manufacturers, retailers,
and pool service professionaIs5. .

2228 Incremental Measure Cost

The incremental cost for efficient pumps accounts for the difference in up-front costs as well as the
difference in maintenance costs between efficient and baseline pumps. Up-front cost data was collected
in stores in Arizona in 2013. Maintenance cost data was collected through interviews with pool service
professionals located around the Phoenix area in 20136.

See Section 2.2.3 for specific values.

2Z2.9Annual Energy Savings Algorithm

Energy savings for this measure are determined using metered energy data collected at baseline and
participant pumps.

The following algorithm is used to estimate annual energy saving impacts from this measure.

¢\ i\M\=,. :¢\W1u,,  + Wu1=\>94¢|- IMQ,

Where:

5 Navigant interviewed pool pump manufacturers, and retailers and service professionals located in the Phoenix area during the
summer of 2013. Costs maintenance differences and other data were collected during these interviews.
6 Navigant inlewiewed pool pump manufacturers and retailers and service professionals located in the Phoenix area during the
summer of 2013. Costs maintenance differences and other data were collected during these interviews. .
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i

Akwh
Wss
kWhss
Was
kWhos
kWh vs

= Energy savings for this measure (in kph)
= Baseline weighting for single speed pumps
= Average annual energy consumption of a single speed pump
= Baseline weighting for dual speed pumps
= Average annual energy consumption of a dual speed pump
= Average annual energy consumption of a variable speed pump

22210 Coinciderit Peak Demand Savings Algorithm

Demand savings for this measure are determined using metered data collected at baseline and
participant pumps. The coincident demand for each pump type is estimated by spreading the average
annual energy consumption evenly across the year (i.e. kWh/8760).

The following algorithm is used to estimate program impacts on coincident peak demand.

¢\¢I1a.».»l».-vir..==1v4 + Wulkilh - we"

Where:

AkW<>oinciueni

W s s

k i s s

W a s

t W o s

k W v s

Coincident peak demand savings for this measure (in kw)
Baseline weighting for single speed pumps
Average coincident peak demand of a single speed pump
Baseline weighting for dual speed pumps
Average coincident peak demand of a dual speed pump
Average coincident peak demand of a variable speed pump

2.2.3 Algorithm Input Values

Table 2-7 compares the average energy consumption, average coincident demand, and incremental cost
between non-participant and participant pump types. These values are subject to change as more recent
data is collected.

Table 2-7. Energy Consumption, Coincident Demand and Incremental Cost by Pump Type

Pump Type Coincident
Demand (KW)

Incremental Costs
(per unit)

Baseline
Weighting

Annual Energy
Consumption (kph)

1/2

1/2

0.55

0.43

0.28 $478.65

4,813

3,800

2,464

Single Speed

Dual Speed

Variable Speed'

1A 5% reduction isapplied lo the average variable speed pool pump energy consumption for 2013 as the meter data between
pumps inoentivized in 2011and pumps incentivized in 2012 indicates a trend of decreasing energy consumption in participant
pumps as variable speed pool pump calibrations Improve.
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2.3 Smart Thermostats

2.3.1 Smart Thermosfat Product Categories

This program includes a variety of smart thermostat models. To calculate savings, smart thermostats are
assigned to three categories based on their energy saving features. These categories are listed below.
Additional savings may be included as well for additional features such as Nest's Seasonal Savings
program. .

Nest, Honeywell, and Ecobee

Eco Factor and EnergyHub

Other

2.3.2 Measure Characterization

23.21 Applicability

Retrofit

2.3.2.2Applicable Programs

This measure is applicable to the Consumer Products Program.

2.3.23Measure Description

This HVAC measure promotes the installation of smart thermostats. The incentive is determined on a per
unit basis.

2.3.24Baseline Equipment Definition

Baseline equipment for this measure is a non-programmable or basic programmable thermostat. The
Consumer Products Program's baseline condition for estimating savings is a blend between non~
programmable (35%) and basic programmable (65%) thermostats based on a 2015 NEST whitepapers.

23.25 Efficient EquipmentDefinition

Efficient equipment is a smart thermostat with WiFienabled two-way communication.

I

sEnergy Savings from the Nest Learning Thermostat: Energy Bill Analysis Results Nest Whitepaper. 2015.
https://nest.oom/downloads/press/documents/energysavingswhitepaper.pdf
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23.26 Unit Basis

This measure's savings and incremental measure cost are determined based on a "per unit" basis.
i

23.27Effective Useful Life

This measure has an effective useful life of 10 years determined from professional judgment.

2 3 2 8 Energy Savings Factors

Energy savings factors refer to the percentage reduction in household energy use expected from each
smart thermostat product. Energy savings factors for smart thermostats in this program are based on
secondary research conducted on a broad range of smart thermostat models. Table 2-8 displays
researched savings factors ("Savings Percent") for smart thermostat models relevant to this program.

Based on the available secondary research summarized above, we derive average expected savings
factors for use in the program for each category of thermostat included in the program. These savings
factors are listed in the Algorithm Input Descriptions section, in Table 2-8.

2 3 . 2 9 Coincidence Factor (CF)

The coincidence factor represents the percent of program thermostats contributing to demand savings
during APS's system peak period. This analysis assumes a coincidence factor of 1.0 because the
demand savings factor reflects savings during the system peak. This finding is based on results for a
similar climate (e.g., southern CaIifomia)9'°.

23.210 Incremental Measure Cost

The incremental costs can be found in Table 2-10. Cost estimates are based on a review of thermostat
costs from online sources.

9 Energy Savings from Nest: The Impact of the Nest Leaming Thermostat 2014,
https://nest.com/downloads/press/documents/efNciency-simulationwhitepaper.pdf
10Understanding Energy Efficiency Benefits from Smart Thermostats inSouther California 2014, http://beccoonference.org/wp
content/uploads/2014/12/presentalion_Ho.pdf
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Table 2~8. Energy Assumptions Sources

Climate SourceModel Demand ResponseCooling Demand
Savings

Electricity (Mostly
Cooling) I1

Savings
Percent

Savings
kW

Savings
Percent

Savings
kW

Savings
Percent

Savings
kph

NV 11NANANA585 13%EcoFac1or 2.37 kW
maximum

12

la

14

15

OR

IN

US

CA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

5%

14%

18%

11%

781

429

585

423.4

Nest

Nest

Nest

Nest

16NA CANANA

NA

NA

NA

0.1 kW
during 2-
rpm on

weekdays

NA0%0

17NY25% - 37%NANA1%66

Honeywell/
Opower

Nest 0.44 kw-
0.69 kW

18TXNANA NANA 13%Ecobee
Nest

19

0.7 kW
w/1-way,
1.6 kW
w/2way

1.18 kW TXNA NANA NANest AC Mn time
reduced by

55%

NA 20

21

MN

CA

NA

NA

1.2 kW

NA

NA

NA

NA

NA

14%

6%

EnergyHub

EnergyHub
Nest

0.26 kW
from 27 pm

on the
average

summer day

NA 22

23

MN

MA

0.8 kW

NA

NA

NA

NA

NA

NA

104 NA

EnergyHub

Ecobee

NA

16%

I

11 NV Energy Powered Program . Technical Appendix Volum e 5 of 5.
12 ETO Nest Therm ostat Heat Pum p Control Pilot Program  Evaluation Apex 2014.
13 Vectren Nest Evaluation of the 2013-2014 Program m able and Sm art Therm ostat Program  Cadm us 2015.
" Nest Energy Savings from  the Nest Learning Therm ostat: Energy Bill Analysis Results 2015 White Paper.
is Nest, Energy Savings from  Nest The im pact of Nest Learning Therm ostat 2014 White Paper.
is PGE&E POpover/Honeywell Therm ostat Trial Interim  Findings 2012.
11 Com Ed AC Cycling Pilot Program . Navigant 2015.
'8 Austin Energy Power Partner Pilot Seasonal Savings: Results from  Sum m er 2013.
19 CPS Energy Nest Rush Hour Rewards CPS Energy Nest pilot Evaluation FY2015 - Final. Nexant 2014.
to CounterPoint Energy e5 DR Program  Pilot Results Earth Network.
21 SCE Save Power Days Program , Seasonal Savings: Results from  Sum m er 2013.
22 M innesota Valley Electric Cooperative Vlhti Therm ostat Project, Tech Surveillance, 2014.
2: National Grid WiFi Program m able Controllable Them lostat Pilot Program  Evaluation. Cadm us Septem ber 2012.
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2.3.211Annual Energy Savings Algori thm

Savings for smart thermostats are based on secondary literature, as described in Section 0.

Savings factors for the energy algorithm are shown, by measure, in Table 2-9. Numeric values for the
actual savings values are shown in Table 2-10.

The following algorithm is used to estimate annual energy saving impacts from this measure.

8illl3MgSll§l-24i!
Where:

Akwh

Usize

kWhbase

Emodel

Energysavings for this measure (in kph)
Unit size (tons/thermostat)
Baseline HVAC energy usage (kph per ton)
Energy savings factor by measure (%)

2.3.2 12 Coincident Peak Demand Savings Algorithm

Savings factors for the demand algorithm are shown, by measure, in Table 2-9. Numeric values for the
actual savings values are shown in Table 2-10.

The following algorithm is used to estimate coincident peak demand saving impacts from this measure.

gl§l5 ,,,,,,,, I  l ¥ ! U
Where:

AkWcoincident

k W

C F

Coincident peak demand savings for this measure (in kw)
Non-coincident demand savings estimated from secondary literature
Coincidence factor

2.3.3 Algorithm Input Descriptions

233.1 Unit Size

The HVAC unit the thermostat is assumed to be controlling is 3.71 tons per thermostat. This value is
based on the existing capacities sourced from the Residential HVAC program and reflects the typical unit
size in APS territory.
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281.12 Unit Efficiency

The assumed efficiency of the HVAC unit is a SEER 11.4, EER 10.0 air conditioner. This is the average
efficiency for installed residential HVAC equipment based on the program data from the advanced
diagnostic tune-up measure. 1

1

2.3.4 Algorithm Input Values

Table 2-9 shows the savings factors for the energy and demand algorithms by measure. Table 2-10
compares the average energy savings, average coincident demand savings, and incremental cost
between the measure categories.

Table 2-9. Savings Factors for the Energy and Demand Algorithms by Measure

Thermostat Model

Other
Coincidence

Factor
Unit
Size

EcoFactor.
EnergyHub

Nest
Honeywell,

Ecobee

Additional Smart
Thermostat
Features

Baseline
HVAC

Energy Use

3.71 7.5% 4.0%Energy*
1407

kWh/ton

1.0 0.067Demand"
0.18 kW13.

19

.11.1%1013 10.8%9. 18
15 16. 21 19

0.18 kW13. 0.18 kW13.
- 19 19

* Energy savings are based on the various secondary sources available (see footnotes).

**Demand savings are based on the two secondary sources available (see footnotes).

Table 2-10. Energy Savings, Coincident Demand Savings, and Incremental Costs by Smart
Thermostat Measure Type

Measure Type Incremental
Cost ($/ton)

Energy
Savings

(kWhlunit)

Coincident
Demand Savings

(kw/unit)

5810.18 120

5640.18 109

820.18 392

852090.07

Smart Thermostat - Nest, Honeywell,
Ecobee

Smart Thermostat - EcoFactor,
Energy Hub

Smart Thermostat - Other
Manufacturer

Additional Smart Thermostat Features
(e.g. Nest's Seasonal Savings)2"

24 These savings should be added to the savings from the smart thermostat if additional features are included in the installation.
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3. RESIDENTIAL HVAC

3.1 Algorithm Inputs

3. 1.1 Average Unit Size

The average unit size represents the typical air conditioner or heat pump unit size for program
participants. It is calculated as the weighted average of the capacity of all measure participants from
2012. For the Duct Test and Repair measure, the average unit size for manufactured homes was
calculated using the weighted average of square footage per ton of cooling for all participants in APS's
Home Performance with Energy Star program and the average square footage of manufactured homes
from ES Contracting's manufactured home data.

3. 1.2Baseline Cooling Demand

The baseline demand is detemlined from a regression model based on 121 logged air conditioning units
in APS territory in 2010. The baseline cooling demand is a function of average unit SEER andunit size.

The regression equation used to determine baseline cooling demand is

1 x _ 1.¢n'»¢2-swl'nJ»c+u»lp-

Where SEER and EER are the average efficiency rating of the program participants and the coefficients
A, B, C, and D are listed in Table3-1.

Table 3-1. Coefficients for Demand Regression Equation

CBA DSystem
Efficiency

23.0735.66 0.00 0.08

0.0036.9430.00 0.03

0.0143.98 0:0224.78

Single Stage
(Below 13 SEER)

Single Stage (13-
15 SEER)

Dual Stage (All
over 15 SEER)
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3. 1.3 Baseline Cooling Energy

The baseline demand is determined from a model based on 121 logged air conditioning units in APS
territory in 2010. The baseline cooling demand is a function of average unit SEER and unit size.

The regression equation used to determine baseline cooling demand is

an==a-smJ»c+l»»(l-my
Where SEER and EER are the average efficiency rating of the program participants and the coefficients
A, B, C, and D are listed in Table 3-2.

Table 3-2. Coefficients for Energy Consumption Regression Equation

A B C DSystem
Efficiency

50.91 22.59 0.00 114.21

47.43 12.3029.57 45.60

147.38 0.00 13.98 52.42

Single Stage
(Below 13 SEER)

Single Stage (13-
15 SEER)

Dual Stage (All
over 15 SEER)

3.1.4 Demand Savings Factor (DSF)

The DSF represents the percent savings over baseline cooling demand attributable to the efficiency
measure. DSF calculations are based on a combination of calibrated engineering models, field metering
in APS service territory and measurespecific literature reviews.

3.1.5 Energy Savings Factor (ESF)
I The ESF represents the percent savings over baseline energy consumption attributable to the efficiency

measure. ESF values are based on a combination of calibrated engineering models, field metering in
APS service territory and measurespecific literature reviews.

3.1.6 Coincidence Factor (CF)

The coincidence factor represents the percent of HVAC equipment in use during APS's peak period. The
baseline demand estimates are specific to the coincident period and thus the coincidence factor is
assumed to be 1.0.
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3.2 Measure Characterization

3.2.1 Duct Test and Repair

3.21. 1Applicability

Retrofit

3.21.2AppIIcable Programs

This measure is applicable to the APS Residential HVAC program and the APS Home Performance with
Energy Star program.

3.2 1.3 Measure Description

The Duct Test and Repair measure consists of testing the ducts for leakage and repairing them as
needed. The duct testing includes determining the amount of air leakage, identifying leakage locations,
making sure the duct connections are securely fastened and providing results of test to the homeowner.
The duct repair includes repairing ductwork, sealing duct connections with long lasting sealant, and
repairing any unsealed or poorly fitting grills. The ducts are then retested after the repairs and sealing
are completed to verify leakage reduction.

3.2 1.4 Baseline Equipment Definition

The baseline air conditioning system is assumed to be a SEER 11 system with unsealed ducts.

3.21.5 Efficient Equipment Definition

The efficient case air conditioning system is SEER 11 with sealed ducts.

3.21.6 Unit Basis
I

I

I

This measure's incentive, savings, and incremental measure cost are determined on a "per air
conditioning system" basis.

3.2 1.7 Effective Useful Life

This measure has an effective useful life of 18 years, sourced from DEER 2008.

3.21.8 Incremental Measure Cost

The incremental cost for duct test and repair in traditional single-family homes is $907 based on an
invoice review of program participants. The incremental cost for duct test and repair in manufactured
homes is $375 based on contractor interviews.
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.Hz1.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

aulu==.a»xulw,,,,,_.,,. ml

Where:

Ak w h

Siz e

kWhbase.cooling

E S F

Energy savings for measure (in kph)
Average unit size of the system
Baseline cooling energy consumption per ton
Energy savings factor

3.21.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident demand saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

£ll84,,,d,l!,= xlkl§,m,,,n,,x.&3M

Where:I

AkWcoiucident

S i z e

KWbase.cooling

D S F

C F

Peak demand savings for this measure (in kw)
Average unit size of the system
Baseline cooling power demand per ton
Demand savings factor
Coincidence factor (100% for this measure)

3.2.2 Prescriptive Duct Repair

3.221 Applicability

Retrofit

3.22.2Applicable Programs

This measure is applicable to the APS Residential HVAC program.

3.223 MeasureDescription

The Prescriptive Duct Repair measure consists of sealing ducts at the most common leakage points. The
duct sealing includes identifying leakage locations, ensuring duct connections are securely fastened ,
sealing duct connections with long lasting sealant, right-sizing the air return, and repairing any unsealed
or poorly fitting grills.
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3.2.24Baseline Equipment Definition

The baseline air conditioning system is assumed to be a SEER 11 system with unsealed ducts.

3.225Efficient Equipment Definition

The efficient case air conditioning system is assumed to be a SEER 11 system with prescriptively sealed
ducts. .

3.226Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per air
conditioning system" basis.

8 ' .2z7Ef fective Useful Life

This measure has an effective useful life of 18 years, sourced from DEER 2008.

3 . 2 2 8 Incremental Measure Cost

The incremental cost for duct test and repair in traditional single~family homes is $300 based on
contractor quotes.

3.22.9Annual Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

8 M ' & X a N * l l l _ NI '  . raw

Where:

Ak w h

S iz e

KWhbase.¢=oolir»g

E S F

Energy savings for measure (in kph)
Average unit size of the system .
Baseline cooling energy consumption per ton
Energy savings factor

3.2210 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident demand saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

i Where:

AkWcoil1ddenl

S i z e

Peak demand savings for this measure (in kw)
Average unit size of the system
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Abaseooding

DSF

CF

Baseline cooling power demand per ton
Demand savings factor
Coincidence factor (100% for this measure)

3 .2 .3 Advanced Diagnostie Tune Up

3.23. 1 Applicability

Retrofit

3.23.2Appl icable Programs

This measure is applicable only to the residential HVAC program.

3.233 Measure Description

The advanced diagnostic tune up measure is a refrigerant charge and airflow correction for residential air
conditioners and heat pumps that are at least three years old between two and five tons.

3.23.4 Baseline Equipment Definition

The baseline equipment is the existing HVAC equipment, which is at least three years old and between
two and five tons. Baseline equipment has varying efficiency levels.

3.23.5 Efficient Equipment Definition

The efficient equipment is the existing HVAC equipment with the proper refrigerant charge and airflow.

3.23.6Unit basis

This measure's incentive, savings, and incremental measure cost are determined on a "per unit" basis.

3.23. 7 Effective Useful Life

This measure has an effective useful life of 6 years. This is a conservative assumption determined from
the CA DEER 2008, which gives an effective useful life of 10 years.

3.23.8lncremental Measure Cost

The incremental cost for this measure is $157 and is based on contractor interviews and estimates of
time to complete the tune up and associated labor rates.

3.23..9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.
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Where:

Ak w h

Siz e

kWhbasecooling

E S F

Energy savings for measure (in kph)
Average unit size of the system
Baseline cooling energy consumption per ton
Energy savings factor (10% for this measure)

3.23.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident demand saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

Mair,,,,,,,,,,psm x iel5,,_.,,,xns=rxclr

Where:

AkWcoincidenI

S i z e

kWbase.cooling

D S F

C F

Peak demand savings for this measure (in kw)
Average unit size of the system
Baseline cooling power demand per ton
Demand savings factor (13% for this measure)
Coincidence factor (100% for this measure)

3.2.4 Equipment Replacement with Quality Installation

3.241 Applicability

Replace on Burnout

3.Z4.2Applicable Programs

This measure is applicable to APS's residential HVAC program.

3 .243 Measure Description

I

The equipment replacement with quality installation measure gives an incentive for customers to use a
Participating Contractor to replace an air conditioner or heat pump that is at least ten years old with a
new system that is installed in accordance with APS Quality Installation Standards.

3.24.4Baseline Equipment Definition

The baseline equipment is a SEER 14, EER 11.1 air conditioner. This is the current standard efficiency
for residential HVAC equipment.

3.24.5 Efficient Equfpment Definition

The efficient case equipment is a 14.6 SEER, 11.9 EER air conditioner. These values are the average
values of all 2012 equipment replacement participants.
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3.246Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per unit" basis.
i

i3.247 Effective Useful Life

This measure has an effective useful life of 10 years.

3.248 Incremental Measure Cost

The incremental cost of quality installation comes from a contractor survey of four Phoenix area
contractors completed by Navigant. The survey indicated that the cost is $110 per hour for three hours,
totaling $330 per system.

3.24.9 Annual Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

a a lw n = M M w M ,  x 5 9

Where:

Ak w h

S iz e

kWhbasecooling

E S F

Energy savings for measure (in twin
Average unit size of the system
Baseline cooling energy consumption per ton
Energy savings factor (10% for this measure)

3.24.10 Coincident Peak Demand Savings Algori thm

The following algorithm is used to estimate coincident demand saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

ild§l,,llll¢l-. x&l§,.,u,,,m,zl'.i@

Where:

AkWodncident

S i z e

kWb8secooling

D S F

C F

Peak demand savings for this measure (in kw)
Average unit size of the system
Baseline cooling power demand per ton
Demand savings factor (20% for this measure)
Coincidence factor (100% for this measure)
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3.2.5 Western Cooling Control

3.251 Applicability

Retrofit

3.2512 Applicable Programs

This measure is applicable to APS's residential HVAC program and the Solutions for Business programs.

3.253 Measure Description

Western cooling control is a retrofit measure added to residential HVAC equipment manufactured prior to
2006. Wester cooling control improves the efficiency of air conditioners by extending the fan run time to
extract the stored cooling after the compressor cycles off.

3.2524 Baseline Equipment Definition

The baseline equipment is a SEER 11.4, EER 10.0 air conditioner. This is the average efficiency for
installed residential HVAC equipment based on the program data from the advanced diagnostic tune-up
measure.

3.255 Efficient Equipment Definition

The efficient case equipment is a SEER 11.4, EER 10.0 air conditioner, with a western cooling control
device retrofit.

3 .2 .56Uni t Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per unit" basis.

3.2.627Effective Useful Life

This measure has an effective useful life of 8 years.

3 . 2 5 8 Incremental Measure Cost

The incremental cost for western cooling control comes from a contractor survey of four Phoenix area
contractors completed by Navigant. The survey indicated that the labor cost is $110 per hour for 0.3
hours, totaling $33 per system. The cost for the western cooling control device is $35. The total
incremental cost is $68.

3.2.59Annual Energy Savings Algorithm

n The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3.

Page 37
Technical Reference Manual
Arizona Public Service Energy Efficiency Programs



NAVIGANT

Where:
l

l

9

Ak w h

S iz e

kWh»ase.¢°°1ang

E S F

Energy savings for measure (in kph)
Average unit size of the system
Baseline cooling energy consumption per ton
Energy savings factor (10.5% for this measure)

3.2510 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident demand saving impacts for this measure. Numeric
values for the variables can be found in Table 3-3. .

a k ¥ 4 , , , l l l , ¢ = i n x A q , , , , , , , , x 8 . ! 3 9

Where:

AkWcoincident

S i z e

Abasecooling

D S F

C F

Peak demand savings for this measure (in kw)
Average unit size of the system
Baseline cooling power demand per ton
Demand savings factor (2.4% for this measure)
Coincidence factor (100% for this measure)

i
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3.3 Algorithm Input Values by Measure
Table 3-3. Summary of Common Parameters - Res HVAC

Measure Building
Type

Assumed
Baseline

SEER

Demand
Savings
Factor

Energy
Savings
Factor

Baseline
Demand
(kw/ton)

Average
Unit Size

(tons)

Baseline
Cooling
Energy

(kWh/ton)

3.86113.8 23.0% 16.8%5,580
Single Family

Home
l

1

Duct Test and
Repair 112.4 2.46 41.0%3,540 30.1%Manufactured

Home

113.7 3.44 11.5% 8.4%5,014
Single Family

Home

3.7 3.4111.5 8.0% 10.0%4,888Single Family
Home

143.7 0.88 20.0%1 ,288 18.0%
Single Family

Home

3.7 11.4 1.0 2.4% 10.5%1 ,288Single Family
Home

5.0 14.1 0.9 2.4% 10.5%1,233

Prescriptive Duct
Repair

Advanced
Diagnostic Tune

Up

Equipment
Replacement with
Quality Installation

Wester Cooling
Control

Western Cooling Non-
Control Residential"

'Algorithm parameters for nonresidential applications are referenced from typical values from the Solutions for Business Program.

Page 39
Technical Reference Manual
Arizona Public Service Energy Efficiency Programs



NAVIGANT

4. RESIDENTIAL NEW CONSTRUCTION

4.1 Baseline and Program Home Deseriptions
Energy and coincident peak demand savings for the Residential New Construction program are
determined from simulation modeling. This section describes the assumed baseline and program homes
and defines the model inputs.

4. 1. 1 Non-Participant Home

The non-participant home is defined as the baseline condition used to estimate savings for the
Residential New Construction program and represents a home built outside of the APS ENERGY
STAR® Homes Program. The non-participant home is based on a blend of three International Energy
Conservation Code (IECC)25 vintages, simulated separately, and results weighted by program
participation in each APS jurisdiction26. Refer to Table 41 for a summary of non-participant building
characteristics for each code vintage.

4.1.2 ENERGY STAR® Homes v3.0

ENERGY STAR® Homes V3.0 is a participant home bum and incentivized in the APS ENERGY STAR
Homes Program meeting ENERGY STAR® version 3.0 standards. Builders are required to follow either
a prescriptive or performance path and achieve an ENERGY STAR® certification verified by a HERS
rater. By meeting the standards set forth by the EPA, a builder is eligible for rebates pending approval by
the APS ENERGY STAR® Homes Program. Refer to Table 4-1 for a summary of ENERGY STAR®
Homes V3.0 building characteristics.

4.1.3 ENERGY STAR® Homes V3.0 -. Tier 2

ENERGY STAR® Homes V3.0 - Tier 2 is a participant home built and incentivized in the APS ENERGY
STAR® Homes Program meeting ENERGY STAR® version 3.0 standards and achieves a HERS score
of 60 or lower. Refer to Table 4-1 for a summary of ENERGY STAR® Homes V3.0 - Tier 2 building
characteristics.

I

Zs Internationally recognized conservation code developed by the International Code Council http://www.iccsafe.org/codes-tech
support/codes/2015-i-oodeshecd
be Arizona is a Home Rule state meaning there is no statewide energy code enforced allowing each jurisdiction the ability to
adoptlamend any preferred code.
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Table 4-1. Building Characteristics Used to Inform Simulation Models.

BaselineBuilding Characteristic

IECC
2009

IECC
2012

IECC
2006

Participant Homes

ESTAR
Homes

V3.0

ESTAR
Homes
V3.0 -
Tier 2

Building
Envelope

Ceiling R-value

Floor R-value

Wall R-Value

Infiltration (ACH50)

U-ValueWindows

HVAC

38.5 32.8
14.3 26.0
12.0 18.2
5.0 5.2
0.40 -` 0.35
0.25 0.22
14.0 13.9
8% 7%
5% 4%

36.1

26.0

21.3

3.8

0.34

0.22

14.1

7%

3%

. SHGC

Cooling Efficiency (SEER)

Total Duct Leakage (%)

Duct Leakage - Outside (%)

HERS .-

30.3

13.3

10.6

7.0

0.65

0.30

13.0

18%

15%

la na 67

30.3

13.3

10.6

9.0

0.75

0.40

13.0

21%

18%

n/a 57Rating

4.2 Measure Characterizations

4.2.1 ENERGY STAR New Homes®

This measure characterization applies to the following measures:

ENERGY STAR Homes V3.0
ENERGY STAR Homes V3.0 - Tier 2.

4.2. 1. 1 Applicability

New Construction

4.2 1.2Appllcable Programs

This measure is applicable to the Residential New Construction Program.

4.21.3 Measure Description

This whole house option promotes ENERGY STAR® certified new homes designed and built to
standards well above most other new homes. An ENERGY STAR certified home has undergone a
process of inspections, testing, and verification to meet strict requirements set by the EPA, delivering
better quality, better comfort, and better durability. Features include the following:

• Improved insulation
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•

•

•

•

•

•

High-efficiency heating and cooling systems
Energy-eflicient low-E Windows
Tight construction and ducts
Energy-efficient lighting and appliances
Fresh air ventilation and room pressure balancing for improved indoor air quality
independent test and inspections

APS ENERGY STAR Homes meet or exceed stringent EPA/DOE Energy Star standards27.

4.21.4 Baseline Equipment Definition

The baseline home is a newly constructed home not receiving a rebate through the APS ENERGY
STAR® Homes Program which lies within APS service territory. See section 4.1for more details.

4.21.5 Efficient Equipment Definition

The efficient case refers to homes rebated through the APS ENERGY STAR Homes Program in either of
the following categories. See section 4.1for more details.

ENERGY STAR Homes V3.0
ENERGY STAR Homes V3.0 - Tier 2.

4.21.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per home" basis.

4.2 1.7Effective Useful Life

This measure has an effective useful life of 20 years.

4.21.8 Incremental Measure Cost

The incremental cost for this measure varies depending on home size and energy efficient measures
installed. Costs are based on a combination of "whole building" costs sourced from secondary literature"
and "built-up" component costs based on HERS rater interviews. See Table 4-2 for aggregated
incremental costs by program. For specific incremental costs, refer to the MAS.

i

27Guidelines for ENERGY STAR Certified New Homes can be found al

http;//www.eneravstar.oov/index.cfm?c=bldrs lenders raters.nh vs guidelines
2s National Energy and Cosl Savings for New Single and Multifamily Homes U.S.DepartmentofEnergy foundat:
http://www.energycodes.gov/sitesldefault/files/documents/NationaIResidentialCoslEffectiveness.pdf
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421.9AnnuaI Energy Savings Algorithm

Energy and coincident peak demand savings for the Residential New Construction measure are based
on calibrated DOE-229 simulation models. DOE-2 is an industry-accepted software for modeling the
interactive effects of the energy efficient measures installed in participant homes.
The following algorithm is used to estimate annual energy saving impacts estimated from the simulation
modeling for this measure.

m11»=\=vvl=4..-mil.

Where:

Akwh
kWheas¢
kWheE

Energy savings for measure (in kph)
Annual energy consumption of the baseline/ non-participant home
Annual energy consumption of the participant home

4.21.10 Coincident Peak Demand Savings Algorithm

Hourly simulation outputs are used to estimate baseline and participant home coincident peak demand.
The following algorithm is used to estimate impacts for coincident peak demand.

ili'f¥ialmilnln=lii1'§llns--llliiiaa

Where:!
I AkWcoincident

a B a s e

k n e E

Coincident peak demand savings for this measure (in kw)
Annual coincident peak demand of the baseline/ non-participant home
Annual coincident peak demand of the participant home

4.3 Algorithm Inputs Value
Algorithm inputs are derived using annual estimates from simulation models. The following values are
normalized using participation counts to derive an overall program input. For more specific breakdowns,
refer to the MAS.

ZsDOE-2 is a public software program that performs advanced building energysimulations, and can be found at:

ht tp : / / doe2.c om /

Page 43
Technical Reference Manual
Arizona Public Service Energy Efficiency Programs



NAVIGANT

Table 4-2. Summary Consumption and Demand Values for Each Program.

KWEEArea

(ft=)
kW8aseWhEEkWhBasc Incremental

Costs
Model

Category

$1,4553.15 2.372,225 12,126 10,063

$2,1852,755 2.293.7113,612 10,259

ESTAR

Homes V3.0

ESTAR
Homesv3.0 -

Tier 2

$1,81812,540 2.363.272,337 10,366Total

Program

I.
I

I
i
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5. HOME PERFORMANCE WITH ENERGY STAR®

APS's Home Performance with ENERGY STAR® has two components. The process begins with a
comprehensive assessment of the home. During the assessment, direct install measures are installed to
promote energy efficient lighting, water efficiency and appliance savings. The customer is then eligible for
additional envelope measures which promote energy efficiency while focusing on the building shell.

5.1 Direct Install Compact.Fluorescent Lamps (CFLs)
The direct install CFLs lighting end-use measure promotes energy efficient residential lighting. CFLs offer
a longer effective useful life than other similar lighting sources and use less energy to produce a
comparable amount of light. Refer to section 6.1for more information on the algorithms and derivations of
algorithm inputs for this measure.

5.2 Direct Install Light-Emitting Diode (LED)
The direct install LED lighting end-use measure promotes energy efficient residential lighting. LED offer a
longer effective useful life than other similar lighting sources and use less energy to produce a
comparable amount of light. Refer to section 6.2 for more information on the algorithms and derivations of
algorithm inputs for this measure.

5.3 Direct Install Low Flow Devices
The direct install low flow devices measure promotes energy efficient hot water consumption in
residences. Low flow faucet aerators and low flow showerheads reduce the flow rate that hot water is
consumed and ultimately the volume of hot water consumed. Refer to section 6.3for more information on
the algorithms and derivations of algorithm inputs for this measure.

5.4 Direct Install Smart Strips
The direct install smart strip measure promotes energy efficiency by minimizing the amount of time
connected loads are consuming power in Off Mode or Standby Mode for a home entertainment system.

5.4.1 Algorithm Input Descriptions

54. 1. 7Usage Characteristics of HomeEntertainmentCenters

All usage characteristics of home entertainment centers (i.e., Hours Application not-in-use, load on
standby, load when technology is off, percentage of appliance use when television is on) used in Section
5.4.3are sourced from a study completed by Hiner and Partners.3°

54. 1.2 in~Senice Rate (ISM)

The In-Sewice Rate (ISM) refers to the percentage of incentivized smart strips that are installed and
operational at a given time. The ISM for the smart strips is estimated to be 90%.

I
I.

30 All usage characteristics of home entertainment centers and home offices are from Hiner and Partners Data which was compiled
in a study for San Diego Gas a Electric.
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3

541.3 Coincidence Factor (CF)

The Coincidence Factor (CF) is the fraction of program participants' peak demand savings occurring
during Aps' system peak. The values in Section 5.4.3comes from the Efficiency Vermont coincidence
factor for smart strip measure and in the absence of empirical evaluation data, the value was based on
assumptions of the typical Mn pattern for televisions and computers in homes.

5.4.2 Measure Characterization

54.21 Applicability

Retrofit

54.22Applicable Programs

This measure is applicable to the APS Home Performance with Energy Star program.

£4.23 Measure Description

This measure is for load-based smart strips. The measure should only be installed in the primary
entertainment center and primary home office. Based on the analysis data, these scenarios have up to six
downstream plug loads each. Because the cost difference between six-plug and eight-plug smart strips is
insignificant, either plug count qualifies as the measure. A larger plug count allows for some customer
flexibility to install additional loads as needed.

5 4 2 4 Baseline Equipment Definition

The baseline power strip system is presumed to be always on, allowing connected loads to consume
power in Off Mode and Standby Mode.

I 54.25Efficient Equipment Definition

The efficient case is a Direct Install Smart Strip that is installed when the customer has a home
entertainment system or home office. The Smart Strip technology links one home electronic device to a
series of other electronics. When the main device is shut off, the Smart Strip will terminate power to the
other linked devices. For example, if the Smart Strip is connected to the home television, once the
television is turned off, the strip will terminate power to the DVD player, gaming system, and amplifier also
plugged into the strip.

54.2.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a per smart strip
basis.

54.27 Effective Useful Life

This measure has an effective useful life of 4 years, sourced from BC Hydro report: Smart Strip electrical
savings and usability, October 2008.
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£4.28 Incremental Measure Cost

The incremental cost for smart strips is $22.49 based on a review of qualifying products available in the
market.

l54Z.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 5-1. (Power Consumption in Standby Mode (w) * % of
Time not in use in Standby Mode * % of Peripherals used with PC/TV)+(Power Consumption in Off Mode
(W) * % of Time not in use in Off Mode * % of Peripherals used with PC/W)

l l

ailv~l=n.= ;rml»» .m »- ((r¢irz.=»ii4,,,,,,,, »%rail¢g,,,,,,) + (wzaa»a~ » emf]}

»%T$lweie!pp'££d °w1H¢*='.f:tw' uh M)

Where:

IAkwh
i
n

W ' £ e ' = i ~ ~ - d = i u v

s m - ~ q , 1 , I , ,

3750949
9;mn===;,,,

Energy savings for measure (in kph)

Technologies
Number of technologies attached to the smart strip
Time/week the application (PC or TV) is not in use

Energy consumption (kW) of the load in standby mode

Time in standby mode as a percentage of time the application is
not in use
Energy consumption (kW) of the load in off mode

Time in off mode as a percentage of time the application is not in
use
% of time the appliance is used simultaneously with the
application (PC or W)
Number of weeks per year

In-Service Rate

an---4~i~¢i-;

lnimlhfiulmr
5:2

i
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54.210 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident demand saving impacts for this measure. Numeric
values for the variables can be found in Table 5-1.

$(( - J+ -aww)-m -ei

Where:

AkW¢oan<=i¢¢ni
i
n
w m a , , , , , , , ,
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rerzam=:,¢

9**'*"° i»v
uri»~~»4wn»=

CF

Peak demand savings for this measure (in kw)
Technologies .
Number of technologies attached to the smart strip
Energy consumption (kW) of the load in standby mode

Time in standby mode as a percentage of time the application is not in
use
Energy consumption (kW) of the load in off mode

Time in off mode as a percentage of time the application is not in use

% of time the appliance is used simultaneously with the application
(pc or TV)
Coincidence factor (80% for this measure)

5.4.3 Algorithm Input Values

Table 5-1 shows specific analysis values that are relevant for 2013. All values are subject to change as
program specific data is collected and used in the analysis.

Navigant aligns the values listed here with implementation tracking data to calculate savings for all smart
strips rebated through the program. These values serve as the basis for APS tracked savings.
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Table 5-1. Smart Strip Measure Analysis Values

SR CF*VeTecmwlclg. Aw v  \.uc\V

off

Lx .1(2
;1¥l\m:ii.

r"5"pVi1.illU(]
not it: me

u .ire
Apply-pd

.. I Lille:

s !a r\d lJy

DVD player

VCR

Stereo
l

80%

80%

80%

80%

90%

90%

90%

90%

93%

98%

51 %

86%

95%

89%

93%

79%

0.00157

0.00502

0.00229

0.01107

0.01177

0.01285

0.02738

0.01107

5%

11%

7%

21%

130.5

130.5

130.5

130.5Speakers,
subwoofers

l

9 8 %0.000360.0021 12%130.5
Video game
consoles

80%

80%

90%

90%67%

88%

67%0.003170.04697 33%130.5Computer only
used for

video/music
entertainment

l
l

l4

5.5 Behavioral Savings
l
i

l

i

i

i

The Behavioral Savings measure a component of the Home Performance with ENERGY STAR®
program, provides participating Residential customers with behavioral savings recommendations
containing information designed to motivate them to change their energy usage behavior to save energy.
Program savings are determined from an engineering analysis of self-reported compliance with the
behavioral suggestions.

5.5.1 Program Definitions and Algorithm Input Descriptions

The following sections define key terms used in the discussion and characterization of savings and costs
for the Behavioral Savings measure.

5511.1 Behavioral Savings Recommendations

Behavioral savings recommendations motivate program participants to save energy through energy
conservation behaviors. Users who complete the online home energy audit receive three customized
behavioral savings recommendations listed in Table 5-2.

551.2Program Participants

This group consists of confirmed APS customers who completed the online home energy audit offered by
APS in 2015 and were provided with three behavioral savings recommendations. These customers' APS
accounts are verified through creation of a username and password on the APS website that is directly
tied to their APS account number.

Residential Behavioral Program (see Section 8) participants receiving behavioral savings
recommendations are excluded from the savings analysis to avoid double counting of savings.
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, i i 1.3 Presentation Frequency

The presentation frequency is the percent of time that a particular behavioral recommendation is
presented as.one of the three recommendations.

551.4 Follow Through Rate

The follow through rate is the percent of time that each participant actually follows the behavioral
recommendation.

5.5.2 M easure Characterization

£ 5 2 1 Applicability

Retrofit

i522Applicable Programs

This measure is only applicable to the Home Performance with ENERGY STAR® program.

5 5 2 3 Measure Description

The Behavioral .Savings measure provides participating Residential customers with behavioral savings
recommendations containing information designed to motivate them to change their energy usage
behavior to save energy.

I

To drive conservation behavior, this measure uses results from the online home energy audit completed
by participants to personalize the behavioral savings recommendation based on participant's self-
reported home characteristics. Targeted, personalized, and no cost messages about how to reduce
energy use is the basis of the savings for this measure.

5 5 2 4 Baseline Definition

The baseline in this case is the program participants' energy Consumption without performing the
behavioral savings recommendations.

5 . 5 2 5 Efficient Definition

The efficient case is the program participants' energy consumption after performing the behavioral
savings recommendations.

5 5 2 6 Unit Basis

and incremental measure cost are determined on aThis measure's savings, "per participant" basis.

5 5 2 .7Effective Useful Life

This measure has an effective useful life of 1 year based on the assumption that behavioral modifications
do not persist beyond 1 year.
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£528Incremental Measure Cos t

There is no incremental measure cost associated with this program because program participants incur
no cost as a result of implementing behavioral savings recommendations.

5.i29AnnuaI Energy Savings A lgori thm

Total savings for this measure are calculated as the sum of the savings for each behavioral
recommendation, adjusted for the presentation frequency and follow through rate for each
recommendation. Savings for each behavioral savings recommendation, as a percentage of annual
consumption for a participant home, are based on engineering analysis and a review of secondary
literature.

The following algorithms present the derivation of annual energy saving impacts from this measure:

83 L__m=u»1im»vw-
£Ii"|°||.|:=168=|¥"41n..|¢ :lM " n

Where:
Akwh Annual energy savings for this measure (in kph)

Total energy savings (in kph) for implementing a single behavioral8\1pn1..n
recommendation

1tII9n .'lrI

I 1 9 1 1 8 . 1 5

§IIE!WIm.li¢

= Presentation frequency of each particular behavioral recommendation as a %

of times each behavior is shown to the total group of program
= The percent of time that each participant implements the behavioral

recommendation.
= Percent savings from each behavioral recommendation as a percentage (%) of

total annual home consumption.
= Average annual consumption of each participant home (in kph).*""=~n\\=»ul»

5.5210 Coincident Peak Demand Savings Algorithm

Hourly simulation outputs from Residential New Construction program energy simulation models are used
to estimate baseline home coincident peak demand. The following algorithm is used to estimate impacts
for coincident peak demand. .

Mm1$MI sum:14

AkWooinddenl Coincident peak demand savings for this measure (in kw)
Annual energy savings for this measure (in kph)

The average portion of the whole house load that coincides with APS'

man.
sw11-~-I

peak period
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5.5.3 Algorithm Input Values

Table 5-2 and Table 5-4 display the inputs to the algorithm above to estimate "per participant" savings for

participants. The follow through rate values were derived from secondary sources and engineering
judgment as well as feedback from a small number of online audit participants who responded about their

level of use in a post survey questionnaire. Data from the online audit directly shaped the values used for

the presentation frequency where a handful of measures were presented quite frequently and some not at

all. Note that in each online survey, three behavioral changes were presented to the customer resulting

in a total presentation frequency of 300%.

Table 5-2. Detailed Algorithm Input Values for Behavioral Savings by Behavior

Behavior
l

Follow
Through

Rate (Survey
Responders)

Presentation
Frequency

(Survey
Responders)

Presentation
Frequency

(Survey
Non-

Responders)

Follow
Through

Rate (Survey
Non-

Responders)

23%

59%

15%

58%

10%

10%

5%

10%

Reduce pool pump run-time

Tum up your AC

Program your thermostat with a

setback 0%

70%

100%

8%

0%

10%

5%

10%

10%

10%

0%

79%

100%

4%

0%

10%

5%

5%

10%

10%

0% 0% 10%10%

0%

0%

0%

49%

10%

5%

10%

10%

10%

5%

10%

5%

0%

0%

0%

35%

0% 0% 10%10%

0% 10% 0% 10%

i.

Dry clothes outside

Actively deflect the sun's heat

Replace air filter regularly

Tum down your heat

Consider AC zoning and/or

close doors to unoccupied rooms

Use computer power-saving

modes

Deactivate water heater if away

Run only full loads of laundry

Take shorter showers

Use natural ventilation to cool
your home

Set your TV and monitors to

energy saver mode

Tum off your computer at night

or while away

Cook meals outside

0%

0%

5%

10%

0%

0%

5%

10%

Page 52
TechnicalReference Manual
Arizona Public Service EnergyEfficiencyPrograms



NAVIGANT

5%0% 5%0%

s
0% 5% 0% 5%

0% 5% 0% 5%

10%0% 0% 10%

Unplug your electronics/tum off
v powerstrips

Increase refrigerator
temperature

Light only needed areas, use
task lighting

Wash dishes with a full
dishwasher

Clear items from obstructing
vents 0% 5% 0% 5%

Presentation frequency and follow through rates also varied between those online audit participants that
responded to the survey and those that did not respond to the survey. Presentation frequency varied
simply based on the raw data from which measures were presented to each type of responder. Follow
through rate non-responders was kept the same as the pre-audit projection-these participants provided
no feedback, so there was not a method for adjusting their relative participation after being presented with
the online audit. The participant follow through rates were adjusted slightly based on which of the
presented measures the participants indicated actually implementing.

!

As shown in Table 5-3 there were far fewer users who did respond to the survey than those who did not
respond to the survey. As expected based on the different presentation frequencies and follow through
rates, the savings per home were higher for those participants that actively engaged in the survey. Note
also that participant counts have been scaled down by 12.5% to make sure that the survey does not
account for overlap with OPOWER HER customers.

Table 5-3: Survey responder and non-responder counts

User
Count

User Type (Excluding OPOWER
Customers)

Savings per home
(kph)

157.4

109.6

195

5893

6088 111.1

Users that actively engaged by responding to
emails

Users that received behavioral tips

Total annual verified savings

The online audit savings are also dependent on the size of the home being evaluated. Larger homes with
larger base usage also have higher potential for savings. Also clear from these data is that survey
responder homes can be attributed greater savings than non-responders based on the fact that those
responders indicated higher participation with the measures they were implementing.
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Table 5-4: Algorithm Input Value for Average Annual Home Consumption

Home Size Non-responder
Savings (kph)

Responder
Savings (kph)

Average Home
(kph)

Weighted
savings per
home (kph)

80.5

109.9

142.8

79

108

141

114

156

202

11,314

15,446

20,066

Small

Medium

Large

5.6 Envelope Measures

The APS Home Performance with ENERGY STAR® program encourages envelope upgrades that focus
on the building shell for added comfort and energy savings. In order to capture the interactive effects
associated with the envelope upgrades, energy and coincident peak demand savings for the APS Home
Performance with ENERGY STAR® program are estimated from simulation models. This section
describes the various measures offered in the program dealing with the building envelope.

5.6.1Evaluation Methodology

Modeling inputs are derived using the program tracking database which are divided into categories

For envelope measures known to generate savings across multiple end-uses, savings are estimated
using a DOE-231 based simulation model calibrated to the overall population of participants receiving an
audit.
based on HVAC type and number of stories. Table 5-5 provides a detailed list of building characteristics
used to populate the calibrated DOE-2 models.

|

31 DOE2 is a public software program that performs advanced building energy simulations, and can be found at:

h t t p : / / doe2 .c om /
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Table 5-5. Building Characteristics used for Calibrating Simulation Models.

Building Characteristic weighted
Average

i

Gas lAC 12

Story) i

Heat

Pump (1-

Story)

Model Categories

Heat Gas /AC

Pump (1Story)

(2-Story)

General

Building

Envelope

Windows

2,011
18,382
23.7
12.5
10.4
7.2
0.88
0.68
0.11

2,833
27,607
23.1
3.5
11.1
8.0
0.84
0.67
0.14

2,164
20,968
26.7
11.9
10.4
7.2
0.81
0.66
0.12

3,036
29,920
26.3
10.8
12.0
8.0
0.73
0.64
0.16

2,245

21,396

25.3

11.4

10.6

1.2

0.83

0.67

0.12

10 10 10 10 10

9%9% 9% 9% 9%
HVAC

11%11% 11% 11% 11%

Building Area (ftp)

Volume (ftp)

Ceiling R-Value

Floor R-Value

Wall R-value

Infiltration (ACH50)

U-Value

SHGC

Window/Wall Ratio

Cooling Efficiency

(SEER)

Total Duct Leakage

(%)

Duct Leakage to

the Outside (%)

The program tracking database is then leveraged to establish pre and post measure conditions for each

participant receiving an upgrade. Energy and peak coincident demand savings are estimated using the

calibrated models which are adjusted to simulate the pre and post conditions. Refer to Table 5-6 for

modeling inputs.

5.6.2Measure Descriptions

This section details the various measure rebates offered for building envelope upgrades through the

Home Performance with ENERGY STAR® program.

i6Z21 Energy Audit

The Home Performance with ENERGY STAR® offers a comprehensive whole house check-up to help
improve the safety, durability, comfort, and energy efficiency of a home. The energy audit must be

performed by a contractor certified by the Building Performance Institute (BpI). The audit includes

inspection of the A/C system, ductwork, insulation, and building envelope and requires a blower door test

to measure infiltration and a measurement of duct leakage.

Page 55
Technical Reference Manual
Arizona Public Service Energy Efficiency Programs



l
l

i

NAVIGANT

5 az2Arri¢ Insulation

Attic insulation involves repairing and/or adding insulation to existing attics. Insulation must be installed in
the right location and without gaps, voids, or compressions. Homes must be properly air Sealed prior to
increasing attic insulation to achieve maximum performance. Insulation values are based on the measure
of a materials thermal resistance or R-value. Refer to Table 5-6 for normalized pre and post conditions.

5823Air Sealing and Attic Insulation

This measure includes installation of a combination of air sealing and attic insulation for a single
participant home. Air sealing is performed prior to attic insulation for maximum performance. Air sealing
involves addressing the air infiltration points in a home. There are different levels of air sealing techniques
such as capping chases, sealing top plate penetrations, sealing can lights, or caulking around doors and
Windows. Infiltration rates are based on Air Changes per Hour (ACH) and are converted from N-factors
sourced by the Lawrence Berkeley Laboratory (LBL)32. Refer to Table 5-6 for normalized pre and post
conditions. .

Table 5-6. Pre and Post Conditions for Envelope Measures

PostPreMeasure Category Installed

Area

(f12)
14.9

19.4/ 11.6

41.7

12/41.5
1,562

1,763

Attic Insulation (Rvalue)

Air Sealing and Attic Insulation (ACH/R-value)

5.6.3 Measure Characterizations

The Envelope Measures incentivized through the Home Performance with ENERGY STAR program offer
similar reductions in energy and are thus evaluated with a consistent approach. The following
characterization applies to the measures listed in section 5.6.2.

583.1 Applicability

Retrofit

!
i

5&3.2Applicable Programs

This measure is applicable to the Home Performance with ENERGY STAR® program.

omit. f
32 284 Appendices A11 Building Tightness Limits
all /aw . r Ida ft /W i /Technical Tools/Buildin %20Th htness°/
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5.a3.3 Measure Description

This whole house approach promotes Home Performance with ENERGY STAR®, which offers ways to
improve a home's comfort, durability, indoor air quality, and safety while lowering utility bills. Customers
who sign up for a comprehensive assessment gain access to special rebates for increasingthe energy
efficiency of their home. Home energy upgrades include:

Sealing ductwork
Sealing air leaks
Repairing and/or adding insulation

A combination of any of these measures will help maximize a home's efficiency.

583.4Baseline Equipment Definition

The baseline represents the pre-condition of a home prior to installing any envelope measures. Modeling
inputs are derived using program tracking data available for each participant receiving an audit. Refer to
Table 5-5 for building characteristicsusedto populate the simulation models and Table 5-6 for pre
measure installation conditions.

583.5 Efficient Equipment Definition

The efficient case refers to the post-condition of a home after installing one or a combination of the
envelope measures offered through the Home Performance with ENEGY STAR® program. Modeling
inputs are derived using program tracking data that represent the postcondition or the result of installing
an envelope measure. Refer to Table 5-5 for building characteristics used to populate the simulation
models and Table 56 for post measure installation conditions.

5623.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per home" basis.

a as.7 Effective UsefulLife
I
i

The envelope measures have an effective useful life as detailed in Table 5-7. Effective useful lives are
based on a GDS Associates, Inc. report" and internal evaluation by Navigant.

as Measure Life Report prepared by GDS Associates Inc.March 14 2007http://www.env.statemaus/dou/docs/electric/08
df46/82908ns
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Table 5-7. Envelope Measures Effective Useful Life

r . EUL

Air Sealing 15

Attic Insulation 25

Air Sealing and Attic Insulation* 22

*Weighted average based on PY2012 participation.

i£3.8lncrementaIMeasure Cost

The incremental cost for the envelope measures vary depending on installed quantities. Costs are based

on in-depth market actor interviews and review of contractor invoices completed in 2012 as a part of the

MER process conducted by Navigant. Refer to Table 5-8 for normalized incremental costs by measure.

For specific incremental costs, refer to the MAS.

.'i6I3..9Annual Energy Savings Algorithm

Energy and coincident peak demand savings for envelope measures are based on calibrated DOE~2

simulation models. DOE-2 is an industry accepted software for modeling the interactive effects of the

energy efficient measures installed in participant homes.

The following algorithm is used to estimate annual energy saving impacts estimated from the simulation

modeling for this measure.

fawn-nwm..a-mwa-

Where:

Akwh

kwhBase

kWh EE

Energy savings for measure (in kph)

Annual energy consumption of the baseline/ pre-condition

Annual energy consumption of the efficient/ post-condition

ala. 10 Coincident Peak Demand Savings Algorithm

Hourly simulation outputs are used to estimate baseline and participant home coincident peak demand .

The following algorithm is used to estimate impacts for coincident peak demand.

¢11*"§l1l11111'\Wa11I11-114:

Where:

AKWooinddent

a B a s e

Coincident peak demand savings for this measure (in kw)

Annual coincident peak demand of the baseline/ pre-condition

P a g e  5 8
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Ar i zo n a  Pu b l i c  Se rvi c e  En e rg y Eff i c i e n c y Pro g ra m s



NAVIGANT

knEe Annual coincident peak demand of the efHcienV post-condition

5.6.4 Algorithm Input Values

Algorithm inputs are derived using annual estimates from simulation models. The following values are
normalized using participation counts to derive an overall program estimate. For more specific
breakdowns based on square footage, HVAC type and number of stories, refer to the MAS.

Table 5-8. Summary Consumption and Demand Values for Each Program.

kVVhsE kWi3:=se kWr;EkWt1 F8asMeasure Category Incremental
Costs

4.43

4.11

3.86

3.44

$1,147

$1,487

14,673 13,603

11,577 10,391

Attic Insulation

Air Sealing and Attic Insulation

3.844.41 $1,16214,532 13,457Envelope Measures

5.7 Duct Sealing

Duct sealing involves making sure ducts are straight, properly connected, sealed, and insulated in the
required locations. This process greatly improves the comfort and energy efficiency of a home. Savings
and costs for duct sealing are consistent with those described in section 3.2.1 .
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6. MULTIFAMILY ENERGY EFFICIENCY PROGRAM

APS's Multifamily Energy Efficiency Program has two components. Its Builder Option Packages promote
energy efficient multifamily building construction, and the direct install program promotes energy efficient
lighting, faucet aerator and showerhead retrofits.

6.1 Direct Install Compact Fluoreseent Lamps (CFLs)

6.1.1 Algorithm Input Descriptions

81. 1. 1 Hours of Operation (OpHrs)

Hours-of-operation is the average number of hours annually that a participant CFL is in operation. The
value in Section 6.1 .3 is derived from a 2014 field metering study and general population survey. The
metering study resulted in average operating hours by space type. The general population survey
resulted in the general distribution of participant CFLs across space types. The final operating hours
value is the average of the space type specific hours weighted by the distribution of CFLs across those
space Woes.

:

See Section 6.1 .3 for specific values.

6.1.1.2 Coincidence Factor (CF)

The Coincidence Factor (CF) is the fraction of program participants' peak demand savings occurring
during APS' system peak. The value in Section 6.1.3comes from a 2014 field metering study and general
population survey, as well as an analysis of Aps' system load.

See Section 6.1 .3 for specific values.

a 1. 1.3 In-Service Rate (ISM)

The In~Service Rate (ISM) refers to the percentage of incentivized bulbs that are installed and operational
at a given time. The ISM for the Multifamily Energy Efficiency Program is estimated to be 100% as the
program is a direct install program.

See Section 6.1 .3 for specific values.

&1. 1.4 Leakage Rate (LR)

The Leakage Rate (LR) refers to the percent of bulbs that are purchased within the APS service territory,
but installed outside of the teiTitory. The leakage rate for the Multifamily Energy Efficiency Program is
estimated to be 0% as the program is a direct install program.

See Section 6.1 .3 for specific values.

Page 60
Technical Reference Manual
Arizona Public Service Energy Efficiency Programs



NAVIGANT

a 1. 1.5 Demand Interaction Factor (DIF)

The Demand Interaction Factor (DIF) accounts for interactive effects between lighting demand andHVAC
demand so that the estimated CFL demand savings are the savings at the light source in addition to any
electrical savings at the cooling system and less any increase in electrical demand at the heating system.
Residential simulation modeling was used to estimate the DIF.

See Section 6.1 .3 for specific values.

l
&1. 1.6 Energy Interaction Factor (51/9

The Energy Interaction Factor (ElF) accounts for interactive effects between lighting energy consumption
and HVAC energy consumption so that the estimated CFL energy savings are the savings at the light
source in addition to any electrical savings at the cooling system and less any increase in electrical
energy consumption at the heating system. Residential simulation modeling Was used to estimate the
ElF.

See Section 6.1 .3 for specific values.

6. 1.2 Measure Characterization

a 1.2 1 Applicability

Retrofit

6. 1.2.2Applicable Programs

This measure is applicable to the Multifamily Energy Efficiency Program and Home Performance with
ENERGY STAR® Program.

a 7.2.3Measure Description

This lighting end-use measure promotes energy efficient residential lighting. CFLs offer a longer effective
useful life than other similar lighting sources and use less energy to produce a comparable amount of
light.

6.7.24 Baseline Equipment Definition

The baseline lighting source is an incandescent or halogen bulb, where the baseline wattage is specific to
the efficient lamp type.

I
Baseline estimates reflect federal efficacy standards (Energy Independence and Security Act of 2007 and
DOE's 2009 Rulemaking) and the market availability of existing incandescent bulbs not meeting these
standards.

The base wattages corresponding to specific CFL lamp types are provided in Section 6.1.3.
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a 1.25 Efficient EquipmentDefinition

The efficient case refers to Energy Star® certified compact tiuorescent lamps installed through the
program.

The efficient wattages corresponding to specific CFL lamp types are provided in Section 6.1 .3.

a 1.2.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

&1.2.7Effective Useful Li fe

This measure has an effective useful life of 7 years based on manufacturing specifications, an estimate of
hours of use per day, engineering analysis, and secondary literatures".

d 1.28 Incremental Measure Cost

The incremental cost varies with lamp wattage and is the full cost of the lamp. The costs come directly
from implementer invoices.

Specific incremental costs can be found in Section 6.1 .3.

6 1 .2 9 Energy Savings Algorithm

». -u-w~u+wM T U - T ; * " > x t i p l l n

Where:

Akwh
Wbase
Wee
OpHrs
ISM
LR
ElF

Energy savings for this measure (in kph)
Baseline Fixture Wattage
Efficient Fixture Wattage
Hours of Operation
In-Service Rate
Leakage Rate
Energy Interaction Factor

61.210 Coincident Peak Demand Savings Algorithm

I

i

..,.,____,-4__1'=a xunmsm-Ll; :al-ws

34 Jump et al. Welcome to the Dark Side: The Effect of Switching on CFL Measure Life. 2008 ACEEE Summer Study on Energy
Efficiency in Buildings
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Where:

A kW¢<>inaaem
Wbase

W e e

C F

i s

L R

D I F

C o i n c i d e n t  p e a k  d e m a n d  s a v i n g s  fo r  th i s  m e a s u r e  ( i n  k w)

B a s e l i n e  F i x tu r e  W a t ta g e

E f f i c i e n t  F i x tu r e  W a t ta g e

C o i n c i d e n c e  F a c to r

I n - S e w i c e  R a t e

L e a k a g e  R a t e

D e m a n d In te r a c t i o n  F a c to r

6 . 1 . 3 A l g o r i t h m  I n p u t  V a l u e s

T a b l e  6 - 1  s h o ws  s p e c i f i c  a n a l y s i s  v a l u e s  th a t  a r e  r e l e v a n t  fo r  2 0 1 6 .  B a s e l i n e  wa t ta g e s  a n d  c o s ts  c h a n g e

y e a r  to  y e a r  d u e  to  fe d e r a l  s ta n d a r d s ,  fe d e r a l  m a n d a te s ,  a n d  th e  m a r k e t .  O th e r  v a l u e s  a r e  a l s o  s u b j e c t  to

c h a n g e  a s  m o r e  r e c e n t  d a ta  i s  c o l l e c te d .

N a v i g a n t  a l i g n s  th e  v a l u e s  l i s te d  h e r e  wi th  i m p l e m e n ta t i o n  t r a c k i n g  d a ta  to  c a l c u l a te  we i g h te d  a v e r a g e

s a v i n g s  fo r  a l l  C F L s  r e b a te d  th r o u g h  th e  p r o g r a m .  T h e s e  we i g h te d  a v e r a g e s  s e r v e  a s  th e  b a s i s  fo r  A P S

t r a c k e d  s a v i n g s .

T a b l e  6 - 1 .  C o m p a c t  F l u o r e s c e n t  L a m p s  ( C F L s )  A n a l y s i s  V a l u e s

Em cien l
Wa l l s

Ba se
W e l ts

Co in c id e n t
e Factor

Leakag
e  Ro le

M odel
Category

Hours O[
Opera tion

In
Serv ic
e  Ra te

Energy
Interaction

Factor

Dem and
Interaction

Factor

Incr em en ta l
Co s ts  ( p e r

l a m p )

4 0

6 0

6 0

60

k w

1 3  w

1 8  w

23 w

807

807

807

807

g

13

18

23

0.078

0 .078

0.078

0.078

0.303

0.303

0.303

0.303

1 0 0 % 0 %

1 0 0 % 0 %

1 0 0 % 0 %

1 0 0 % 0 %

0.102

0.102

0.102

0.102

$3 .24

$1 .92

$1 .97

$2 .14

I
I

6.2 Direct Install Light-Emitting Diode (LED)

6 . 2 . 1  A l g o r i t h m  I n p u t  D e s c r i p t i o n s

a z 1 . 1  H o u r s  o f  O p e r a t i o n  ( O p H r s )

H o u r s - o f - o p e r a t i o n  i s  th e  a v e r a g e  n u m b e r  o f  h o u r s  a n n u a l l y t h a t a  p a r t i c i p a n t  L E D  i s  i n  o p e r a t i o n .  T h e

v a l u e s  i n  S e c t i o n  6 . 2 . 3  i s  d e r i v e d  f r o m  a  2 0 1 4  f i e l d  m e te r i n g  s tu d y  a n d  g e n e r a l  p o p u l a t i o n  s u r v e y  o f

C F L s .  T h e  m e te r i n g  s tu d y  r e s u l te d  i n  a v e r a g e  o p e r a t i n g  h o u r s  b y  s p a c e  ty p e .  T h e  g e n e r a l  p o p u l a t i o n

s u r v e y  r e s u l te d  i n  th e  g e n e r a l  d i s t r i b u t i o n  o f  p a r t i c i p a n t  C F L s  a c r o s s  s p a c e  ty p e s .  T h e  f i n a l  o p e r a t i n g -

h o u r s  v a l u e  i s  th e  a v e r a g e  o f  th e  s p a c e  ty p e  s p e c i f i c  h o u r s  we i g h te d  b y  th e  d i s t r i b u t i o n  o f  C F L s  a c r o s s

th o s e  s p a c e  ty p e s . I t i s  a s s u m e d  th a t  L E D  o p e r a t i n g  h o u r s  a r e  s i m i l a r  to  C F L s .

S e e  S e c t i o n  6 . 2 . 3  fo r  s p e c i f i c  v a l u e s .
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a z 1.2 Coincidence Factor (CF)

The. Coincidence Factor (CF) is the fraction of program participants' peak demand savings occurring
during APS' system peak. The value in Section 6.1 .3 comes from a 2009 field metering study and general
population survey, as well as an analysis of APS' system load.

l

See Section 6.2.3 for specific values.

$21.3 In-Service Rate (ISM)

The In-Service Rate (ISM) refers to the percentage of inoentivized bulbs that are installed and operational
at a given time. The ISM for the Multifamily Energy Efficiency Program is estimated to be 100% as the
program is a direct install program.

See Section 6.2.3 for specific values.

6.21.4 Leakage Rate (LR)

The Leakage Rate (LR) refers to the percent of bulbs that are purchased within the APS service territory,
but installed outside of the territory. The leakage rate for the Multifamily Energy Efficiency Program is
estimated to be 0% as the program is a direct install program.

See Section 6.2.3 for specific values.

a z 1.5Demand InteractionFactor(DIF)

The Demand Interaction Factor (DIF) accounts for interactive effects between lighting demand and HVAC
demand so that the estimated LED demand savings are the savings at the light source in addition to any
electrical savings at the cooling system and less any increase in electrical demand at the heating system.
Residential simulation modeling was used to estimate the DlF.

See Section 6.2.3 for specific values.

6.2 1.6Energy Interaction Factor(ElF)

The Energy Interaction Factor (ElF) accounts for interactive effects between lighting energy consumption
and HVAC energy consumption so that the estimated LED energy savings are the savings at the light
source in addition to any electrical savings at the cooling system and less any increase in electrical
energy consumption at the heating system. Residential simulation modeling was usedtoestimate the
ElF.

See Section 6.2.3 for specific values.
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6.2.2 Measure Characterization

azz 1 Applicability

Retroft

a z z z Applicable Programs

This measure is applicable to the Multifamily Energy Efficiency Program and Home Performance with
ENERGY STAR® Program.

6 . 2 2 3 Measure Description

This lighting end-use measure promotes energy efficient residential lighting. LEDs offer a longer effective
useful life than other similar lighting sources and use less energy to produce a comparable amount of
light.

6.224Baseline EquipmentDefinition

The baseline lighting source is the replaced bulb, generally incandescent lighting.

The base wattages corresponding to specific LED lamp types are provided in Section 6.1.3.

61225 Efficient Equipment Definition

The efficient case refers to light emitting diodes installed through the program.

The efficient wattages corresponding to specific LED lamp types are provided in Section 6.2.3.

8 2 2 6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

a z z 7 Effective Useful Life

LED measure life is based on the recommendation of using ENERGY STAR's minimum of 15,000 hours z
17 years based on field research in APS territory of 876 hrs/year/bulb. The ISM is 100% for LEDs.

6.228 Incremental Measure Cost

The incremental cost varies with lamp wattage and is the full cost of the lamp net avoided future
incandescent bulb purchases. The effective useful life is roughly 10 times that of an incandescent bulb.
The costs come from MSRP values, in-store data and online research.

Specific incremental mosts can be found in Section 6.2.3
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azzs Energy Savings Algorithm

Ma §1§é8!Zx9 xBx(;l-l.l,'|xf.\+lll;

Where:

AKWh
Wbase
w..
OpHrs
ISM
LR
ElF

Energy savings for this measure (in kph)
Baseline Fixture Wattage
Efficient Fixture Wattage
Hours of Operation
In-Service Rate
Leakage Rate
Energy Interaction Factor

612210 Coincident Peak Demand Savings Algorithm

aul§,,.,,-8'-€¥1. !xaxmxQI-1l5xa+nu;

Where:

AkWcdncidenl

Wbase

Wee

C F

ISM

L R

DIF

Coincident peak demand savings for this measure (in kw)
Baseline Fixture Wattage
Efficient Fixture Wattage
Coincidence Factor
In-Service Rate
Leakage Rate
Demand Interaction Factor

6.2.3 Algorithm Input Values

Table 6-2 shows specific analysis values that are relevant for 2016. Baseline wattages and costs change
year to year due to federal standards, federal mandates, and the market. Other values are also subject to
change as more recent data is collected.

Navigant aligns the values listed here with implementation tracking data to calculate weighted average
savings for all LED rebated through the program. These weighted averages serve as the basis for APS
tracked savings.
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Table 6-2. Light Emittlng Diodes (LEDs) Analysis Values

Tyv;
;eakace

Pei:'8

Hours of Coincic'en:e
3 : e a i c n 2a;;; .

Ecuivaleni Baseline

5;WC Waaia54
CfQ¢iEgglL lr

:>e-.» .v\
Rate'

Demand

=nlera T
F3C""

:= . Q v
2 ....§¢n

iT3.*QQ

Incremental
QQSZS (per

lamp)

40 Watt

60 Watt

75 Watt

40

60

75

6.6

10.25

14

876

876

876

0.06

0.06

0.06

0.303

0303

0.303

100%

100%

100%

0%

0%

0%

0.102

0.102

0.102

$5.04

$7.01

$11 .02

6.3 Direct Install Low Flow Devices

6.3.1 Algorithm Input Descriptions

613. 1. 1Occupants per Household

The amount of hot water saved from low flow devices varies by their use. Residences with more
occupants will use their faucet aerators and showerheads with greater frequency, and as a result will
have greater savings from low flow devices.

The number of occupants per household is consistent with data collected through the Home Performance
with Energy Star® program.

Specific values can be found in Section 6.3.3.

6.3.1.2Gallons per Day per Person

Gallons-per-day-per-person refers to the amount of hot water consumed per day by a single resident
before the installation of low flow devices. The volume of water consumed varies by measure type (e.g.
kitchen faucet aerator, bathroom faucet aerator, and showerhead).

This value comes from Building America House Simulation ProtocoIs35. The protocol suggests modeling a
three-bedroom, single-family home using 28 gallons of hot water consumption per day for showerheads
and 25 gallons of hot water consumption per day for faucets. There values are normalized by bedroom
as a proxy for the number of residents, and the faucet values are disaggregated for kitchen sinks (65%
weighting) and bathroom sinks (35% weighting)36.

The specific values are provided in Section 6.3.3.

as Building America House Simulation Protocols NREL October 2010 can be found at http;//www.nrel.qov/docs/fv110stV49246.pdf.
as Faucet hot water consumption isdisaggregated into kitchens and bathrooms based on a suggested2:1weighting from a
University of Minnesota document on best water management practices
(http:/lwww.extension.umn.edu/distributionlnaturalresources/oomponents/DD6946r.html).
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63.1.3Mains Water Temperatures (TMains)

The temperature at which water is supplied to a home is defined as the water mains temperature
(TMains). Estimates for Phoenix, Az come from Building America House Simulation ProtocoIs°7.

The specific value is given in Section 6.3.3.

631.4 Hot Water Consumption Temperature (TUsed)

Hot water consumption temperature (TUsed) is the temperature at which hot water is used by residents.
The estimates for the Multifamily Energy Efficiency Program and Home Performance with ENERGY
STAR® Program come from an average of three studies"39'°. .

See specific values in Section 6.3.3.

a a 1.5 In-Sewice Rate (ISM)

The In-Sewice Rate (ISM) refers to the percent of incentivized low flow devices that are installed and
operational at a given time. The ISM values for the different low flow devices are determined from a
participant survey conducted in 2011 .

See specific values in Section 6.3.3.

6.3.1.6 Conversion factor

A conversion factor of 0.89 is used in the low flow devices energy and demand savings algorithms. This
value is the product of water's specific heat, water's specific weight, and the number of days per year.

as. 1. 7 Water Heater Efficiency

Low flow devices reduce the energy load on hot water heaters, where load refers to the energy required
for a given service excluding efficiency losses. Including these efficiency losses increases the energy
savings as only some percent of energy delivered to the heater ultimately transfers to the energy load .

The estimate for the Multifamily Energy Efficiency Program and Home Performance with ENERGY
STAR® Program comes from the American Council for an Energy Efficient Economy".

I
I

37 Building America House Simulation Protocols NREL October 2010 can be found at htto://www.nrelqov/docs/fv11os1i/49246.odf.
ea Building America House Simulation Protocols, NREL, October 2010 can be found at hlfp://www.nrel.aov/docs/fy1 los1i/49246.0df.
as Skeel, T. and Hill s. Evaluation of Savings from Seattle's "Home Water Saver" Apartmenl/Condominium Program, 1994.
'° A Massachusetts Low Income Evaluation of low flow devices can be found at hllp://www.ma
eeac.ora/Docs/8.1 EMV%20Paq¢/2012/2012%20Residenlia|%20Sludies/MA%20RR8»LI%20
o 10 0LOW%20|IlCOM€°/20 in le m i  o o  r o o I i °/ FINAL 6JUNE2 1 f.
" The American Council for an Energy Efficient Economys estimate for a typical electric heater energy factor can be found al
hltp 1//www.aceeeorq/consumer/walerhealind.
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See specific values in Section 6.3.3.

613. 1.8Minutes Avoided (Mins avoided)

The minutes avoided (Mins Avoided) refers to the number of minutes saved from a ShowerStartTm type
device. This device Tums off shower flow once the water heats to -95 F, allowing the resident to resume
flow at his/her leisure, saving unused, free flowing hot water during shower preparation.

The estimate of time saved from this device comes from ShowerStart LLC www.showerstart.com.

See specific values in Section 6.3.3.

£31.9 Number per Unit (No. per unit)

The number-per-unit refers to the number of low flow devices installed in a given dwelling unit/household.
If a unit's hot water consumption is fixed based on the number of occupants, every additional aerator or
showerhead in the unit would result in less use per device, and ultimately less savings per low flow
retrofit.

The Multifamily Energy Efficiency Program estimate is based on engineering judgment, and is consistent
with program data for the Home Performance with Energy Star® Program.

See specific values in Section 6.3.3.

613.7. 10 Peak Demand Load Fraction

The peak demand load fraction is the estimated fraction of annual energy savings occurring during the
APS coincident peak period and is derived from Building America Benchmark Definition'2.

6.3.2 Measure Characterization

aaa 1 Applicability

Retrofit

6.3.22 Applicable Programs

This measure is applicable to the Multifamily Energy Efficiency Program and Home Performance with
ENERGY STAR® Program.

f42"Building America Research Benchmark Definition. all I/wwwnrel. av cs/ 1 i/47 4
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63.23 Measure Description

This low flow device measure promotes energy efficient hot water consumption in residences. Low flow
faucet aerators and low flow showerheads reduce the flow rate at which hot water is consumed and
ultimately the volume of hot water consumed.

&8.24Baseline Equipment Definition

The baseline low flow device is based on historical appliance standards, measure life, and appliance
availability in the market. The current showerhead value is a blend between a previous appliance
standard (4 rpm) and cunent appliance standards (2.5 rpm).

Specific values are provided in Section 6.3.3.

61.125 Efficient Equipment Definition

The efficient case refers to Energy Star® certified low how faucet aerators and showerheads with
volumetric flow rates from 1 to 1.5 GPM.

Specific values are provided in Section 6.3.3.

a3.26Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per device" basis.

613.27 Effective Useful Life

This measure has an effective useful life of 10 years based on engineering analysis and manufacturer's
specifications.

613.28Incremental Measure Cost

The incremental cost varies by measure, and is .the sum of the full device cost and the associated labor
costs. The device costs are weighted averages of the actual devices installed based on Program data.
Labor costs for this measure category are estimated using $40/hr as the labor rate for MEEP Program
and $0/hr for the Home Performance with ENERGY STAR® Program assuming that labor costs are
accounted for in the cost of the audit.

See specific values in Section 6.3.3.

I
I a3.z9Energy Savings Algorithm
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Where:

Akwh

Lr..
lib:
Occ.
GPD

l im
?non
ISM
rID HW
No. per unit
%Elec.

Energy savings for this measure (in kph)
Gallons per minute of the efficient case

Gallons perminute of the baseline case
No. of occupants per household
Water usage in Gallons per day per person
Water consumption temperature
Water mains temperature
In-Service Rate
Water heater efficiency
Number of low flow devices per household
Percent of customers with electric water heaters

6181210 Coincident Peak Demand Savings Algorithm

81w=¢lm1= a i m !

Where:

Akwh
PDLF

Energy savings for this measure (in kph)
Peak demand load fraction

6.3.3 Algorithm Input Values

Table 6-3 shows specific analysis values that are relevant for the MEEP Program and Table 6-4 shows
those relevant to the Home Performance with ENERGY STAR® Program in 2016. Baseline flow rates
and costs change year to year due to federal standards and the market. Other values are also subject to
change as more recent data is collected.

Navigant aligns the values listed here with implementation tracking data to calculate weighted average
savings for all faucet aerators rebated through the program. These weighted averages serve as the basis
for APS tracked savings. Faucet aerators are not included in the HPwES program in 2016.
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Table 6-3. MEEP Program Low Flow Device Analysis Values

T T Percent FDLFP.inutes

avoided

NO per

hL>uSeiIOlCu5 j w

M ode l

aw "1"VJ

Elec t ric

E=icsen<y

NO Q"
Occur;-ants

i n

S".xi.~

Ra l fl (P

Bas el ine

vhf aler

U 8CxG8

EffiC)e:II

wa rm

m3I Gal.

:ray
person

l!1CI

Cos t s

(per

lQl€VIc€ 8

EICIYFC
".`.z' r
Iaafing

1 0.905.422.71.50 90% 100%78.82.2 95 $6.90
7.944E

05
Kitchen
Aerator

0.90278.81.00 2.7 2.91 95 100%2.2 86%Bath Aerator $5.847.944E
O5

1 0.912.71.50 100%9 3 3 78.8952.5 96% $32.20
2.01E-

05
Low flow

Showerheads

Table 6-4. Home Performance with ENERGY STAR® Program Low Flow Device Analysis Values
41 p : . L =

.iI&[§
NJ DET

housewoid
\:rules

avoided
E l  l £
. .

N 113
Occupant

m 441

Category Service
Role

Ga
day/

person

T

us ed

(Fll

M8 Ifp5

i F )

l:ila:&:1'
Water
Usage

5.a>e 1 Le

W ater

Us age

l:.l
Coals
(per

device)

?4=rcenl
Electric
Water

Healing

1141% 0.978.81.562.5 2.5 9.33 95 65% $16.57
2.01E

05
Low flow

Showerheads

6.4 New Construction Measures

6.4.1 Builder Option Packages Baseline and Program Home Descriptions
I

Savings for this measure are determined using energy simulation modeling. These models are calibrated
to monthly energy billing data. The efficient-case building characteristics are averaged for each builder
option package as necessary.

Average participant building characteristics generally exceed minimum requirements and savings are
specific to each project as local building codes vary, the combination of measures may vary, and the
building size may vary. Table 6-5 compares some primary building characteristics between a non-
participant building in downtown Phoenix and the average participant characteristics. Refer to the MAS
for more detailed modeling assumptions.
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lTable 6-5. Average Building Characteristics by Model Category

insulation DuctModel
Category

HERS
Score

!infiltration
lACk} .eaxage

Windows

U. s He :

Cooling
Efficiency

\SEER)
V

Lighting
Power
Density;
(Wift2)

Cerlnwc;

.due

Flc5Qr

9-

v a lue

Wait
R-

Value

Baseline" 19

19

19

19

BOP1

BOP2

BOPS

38

38

38

38

16

2 3

2 3

2 3

0.38

0.25

0.25

0.25

0.55

0.4

0.4

0.4

14

14

14

15

0.29

0.33

0.33

0.29

2.7%

4.25%

3.50%

2.75%

0.31

0.49

0.40

0.33

70

65

60

\ M 1. 1 Non-Participant Unit

The non-participant unit is defined as the baseline condition for estimating savings for the Multifamily
Energy Efficiency Program, and represents an average dwelling unit in a multifamily building built outside
of the program. The non-participant building is based on local building codes"".

See Table 6-5 for specific building characteristics.

6.4. 1.2 Builder Option Package 1 (BOP1)

Builder Option Package 1 (BOPS) is a dwelling unit in an entry-level participating multifamily building built
and incentivized in the Multifamily Energy Efficiency Program. For builders participating through the
prescriptive path, the building meets or exceeds the minimum requirements for the program with one
additional efficiency building option"5. For builders participating through the performance path, the
building meets or exceeds a HERS rating of 70.

See Table 6-5 for specific building characteristics.

I

6.4. 1.3Builder Option Package 2 (8OP2)

Builder Option Package 2 (BOP2) is a dwelling unit in a mid-level participating multifamily building built
and incentivized in the Multifamily Energy Efficiency Program. For builders participating through the
prescriptive path, the building meets or exceeds the minimum requirements for the program with two

43 The deemed baseline for 2014 is IECC 2012. The building code for downtown Phoenix was designed using IECC 2006 until July

1" 2013, when the dry moved lo IECC2012. Building code compliance is assumed to take two years, where builders achieve 50%

compliance each year.

" The building code for downtown Phoenix was designed using IECC 2006 until July 1", 2013 when the c ity moved to lECC2012.

Building code compliance is assumed lo take two years, where builders achieve 50% compliance each year.

45See the link for "new construction and major renovation" at the website

hl .I/www.a s.com/en/busin n lrebales/pa es/ s  x.
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additional efficiency building options 46. For builders participating through the performance path, the
building meets or exceeds a HERS rating of 65.

See Table 6~5 for specific building characteristics.

841.4 Builder Option Package 3 (BOPS)

Builder Option Package 3 (BOPS) is a dwelling unit in a top-level participating multifamily building built
and incentivized in the Multifamily Energy Efficiency Program. For builders participating through the
prescriptive path, the building meets or exceeds the minimum requirements for the program with three
additional efficiency building options 47 For builders participating through the performance path, the
building meets or exceeds a HERS rating of 60.

See Table 6-5 for specific building characteristics.

6.4.2 Measure Characterization

a4.z 1 Appllcablllty

New Construction

a4.2.2 Applicable Programs

This measure is applicable to the Multifamily Energy Efficiency Program.

6.42.3 Measure Description

This program promotes energy efficient multifamily construction. Builders can participate in the program in
one of two ways. Builders can meet or exceed prescriptive construction specifications (prescriptive path),
or meet or exceed a home energy rating called a HERS rating (performance path).

The prescriptive specifications are comparable to Energy Star ®'s multifamily new construction
guidelines. These specifications include the following:

i
I
I •

•

•

•

•

•

•

improved insulation
high-efficiency heating and cooling systems
energy-efficient low-E Windows
tight construction and ducts
energy-efficient lighting and appliances
fresh air ventilation and room pressure balancing for improved indoor air quality
independent test and inspections

asSee the link for new construction and major renovation" at the website
hi( ;//w w . m/en/b i / v man / P / x.
" See the link for new construction and major renovation at the website
htto1//wwwaos.com/en/business/savemoney/rebates/paaes/meep.aspx.
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There are minimum building specifications that all participants must meet as well as additional efficiency
options. The three levels of BOP require 1, 2, and 3 additional options respectively.

A HERS rating is based on RESNET®'s home energy rating system, and corresponds to the percent of a
standard reference building's energy consumption that the building of interest will consume. A rater
creates a model of the building in RESNET®'s REM/Rate modeling software, and the software outputs
the building's rating. Each builder option package (BOP1, BOP2, and BOPS) has a different HERS target,
where BOPS is the most efficient option package.

6.4.24 Baseline Equipment Definition

The baseline is a dwelling unit in a newly constructed multifamily building within the APS service territory
that does not receive a rebate through the Multifamily Energy Efficiency Program. These buildings are
based on local building codes 48.

See Table 6-5 for specific building characteristics.

&4.2.5Efficient Equipment Definition

The efficient case refers to a dwelling unit in a newly constructed multifamily building rebated through the
APS Multifamily Energy Efficiency Program. Building characteristics are averaged from program data to
estimate savings for each builder option package.

See Table 6-5 for specific building characteristics.

6.4.2.6 Unit Basis

This measures incentive, savings, and incremental measure cost are determined on a "per dwelling unit"
basis.

6Z4.2.7 Effective UsefulLi fe

This measure has an effective useful life of 20 years based on engineering analysis and consistent with
the estimated lifetime of the Residential New Construction program.

&4L28lncrementaI Measure Cost

The incremental cost for this measure varies depending on builder option package, unit size and the
combination of energy efficient measures installed. These costs are based on internet research
comparing the cost of participant and non-participant construction components and materials.

isThe building code for downtown Phoenixwasdesigned using IECC 2006 untilJuly1" 2013, when thecitymovedto lECC2012.
Building code compliance isassumed to take twoyears,where builders achieve 50%compliance each year.
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For specific incremental costs, refer to the MAS. For average costs by builder option package, refer to
Section 6.4.3.

6I4.29Annual Energy Savings Algorithm

Energy and coincident peak demand savings are based on calibrated DOE-2 simulation models. DOE-249
is industry accepted software for modeling building energy consumption and accounts for interactive
effects between energy efficiency measures.

The following algorithm is used to estimate annual energy saving impacts from this measure.

M=W\=l=¥llelln-l=Wlilu

Where:

Akwh

kWhBase

WhEE

= Energy savings for this measure (in kph)
= Annual energy consumption of the average baseline/ non-participant unit
= Annual energy consumption of the average participant dwelling unit

a f z z 70 Coincident Peak Demand Savings Algorithm

Hourly simulation outputs are used to estimate the difference in baseline and participant coincident peak
demand. The following algorithm is used to estimate program impacts on coincident peak demand.

8lWbn|=m|11n=*3§IuIu- 1 3 4 1

Where:

I
I

AKWeoinddenl

AB a s e

k n E e

Coincident peak demand savings for this measure (in kw)
Annual coincident peak demand of the average baseline/non-participant unit
Annual coincident peak demand of the average participant dwelling unit

6.4.3 Algorithm Input Values

Table 6-6 compares energy consumption, coincident demand, and the incremental cost between non-
participant and participant buildings in downtown Phoenix. These values are subject to change depending
on the mix of efficiency measures, the location of participant buildings, and changes in building codes.

49DOE2 isa public software program that performs advanced building energy simulations and can be found at:
htto1I/doe2.com/
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Table 6-6. Annual Energy Consumption, Colncldent Demand, and Costs by Builder Option
Package

Incremental Costs (per
unwell

Annual Enerov ConsL;not14m
(kph l

CoIllolo€lll Denmnd
ikvvl

Model
Category

BaseIine5°

BOPS

BOP2

BOPS

1.515

1.23

1.11

0.85

$568

$648

$903

7,411
5,875
5,252
4,539

so The deemed baseline for 2013 is a 25/75 weighted average between IECC 2012 and IECC 2006 respectively. The building code
for downtown Phoenix was designed using IECC 2006 until July 1", 2013 when the city moved lo lECC2012. Building code
compliance is assumed to take two years where builders achieve 50% compliance each year.
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7. RESIDENTIAL BEHAVIORAL PROGRAM

The Residential Behavioral Program is implemented by Opower and provides participating Residential
customers with a bi-monthly Home Energy Report (HER). HERs contain information designed to motivate
customers to change their energy usage behavior in order to save energy. The program is implemented
as a Randomized Controlled Trial (RCT), such that new program waves consist of customers randomly
assigned to treatment and control in order to arrive at unbiased estimates of program savings using
regression analysis. Billing analysis is performed using monthly billing data to compare treatment and
control group usage and determine program savings.

Beginning in July of 2016, some existing HER customers were randomly selected by Opower and
assigned to Behavioral Demand Response (BDR) in addition to receiving HER reports. The BDR
component of the Residential Behavior Program is additional to existing HER treatment, and is itself
implemented as an RCT. Through the BDR component, the implementer calls events during peak
summer usage days, requesting that participants curb their energy use during particular periods of time.
This reduces peak load, and customers receive feedback on their demand reduction performance relative
to other BDR participants. A variant billing analysis model is used by the implementer to estimate savings
from the BDR component of the Residential Behavior Program.

7.1Program Definitions and Algorithm Input Descriptions

The following sections define key terms used in the discussion and characterization of savings and costs
for the Residential Behavioral Program.

71.1 Control Group

The control group for the Residential Behavior Program consists of residential customers that do not
receive HERs. The monthly energy consumption profile of the control group prior to program launch is
consistent with that of the treatment group (see section 7.1 .2 for definition). The control group is sub-
divided into five groups, Legacy, Refill, New Refill, Expansion and New Expansion Group controls (see
sections 7.1.3 through 7.1 .7 for definitions). .

For the BDR component of the Residential Behavior Program, the control group consists of residential
customers that do not receive communication asking them to curb energy use during specified peak
demand periods, and therefore receive no feedback on their energy use curtailment performance during
peak events. As with the HER component of the program, the monthly energy consumption profile of the
control group prior to program launch is consistent with that of the treatment group. The 2016 wave BDR
control group is defined in section 7.1.8.

7.1.2 Treatment Group

The treatment group for the Residential Behavior Program consists of residential customers that receive
home energy reports. The treatment group is sub-divided into four groups of participants, Legacy, Refill,
New Refill, Expansion, and New Expansion Group participants.

For the BDR component of the Residential Behavior Program, the treatment group consists of residential
customers Thai do receive communication asking then to curb energy use during specified peak demand
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periods, and subsequent feedback on their performance during events. The treatment group for the 2016
BDR wave is defined in section 7.1.8).

7.1.3 Legacy Group

The Legacy Group consists of both treatment customers and control customers. The treatment group is
composed of approximately 60,000 program participants that began receiving home energy reports in
2011, of which approximately 51 ,000 are still participating in the program as of December 2015. of these
51,000 participants, approximately 50,000 are receiving BDR treatment in addition. The control group is
comprised of approximately 42,000 customers who serve as controls for Legacy Group treatment
customers, and do not receive reports.

7. 1.4 Refill Group

The Refill Group consists of both treatment customers and control customers. The treatment group is
comprised of approximately 13,000 program participants that began receiving home energy reports in
2012 to replace those from the original Legacy Group that opted out of the program or are no longer in
the program. Approximately 11,000 of these Refill Group participants are still participating in the program
as of December 2015. Of these 11,000 participants, approximately 11,000 are receiving BDR treatment in
addition. The control group is comprised of approximately 10,000 customers who serve as controls for
Refill Group treatment customers, and do not receive reports.

7. 1.5 New Rem/ Group

The New Refill Group consists of both treatment customers and control customers. The treatment group
is composed of approximately 31 ,000 program participants that began receiving home energy reports in
2014 to replace those from the original Legacy Group and the Refill Group that opted out of the program
or are no longer in the program. Approximately 24,000 of these New Refill Group participants are still
participating in the program in December 2015. Of these 24,000 participants, approximately 24,000 are
receiving BDR treatment in addition. The control group is comprised of approximately 12,000 customers
who serve as controls for New Refill Group treatment customers, and do not receive reports.

7.1.6 Expansion Group

I
I

The Expansion Group consists of both treatment customers and control customers. The treatment group
is composed of approximately 207,000 program participants that began receiving home energy reports in
2015 to replace those from the original Legacy Group, the Refill Group and the New Refill Group that
opted out of the program or are no longer in the program. Approximately 178,000 of these Expansion
Group participants are still participating in the program in December 2015. Of these 178,000 participants,
approximately 176,000 are receiving BDR treatment in addition. The control group is comprised of
approximately 20,000 customers who serve as controls for Expansion Group treatment customers, and
do not receive reports.

7.1.7 New Expansion Group

The New Expansion Group consists of both treatment customers and control customers. The treatment
group is composed of approximately 45,000 program participants that began receiving home energy
reports in 2016 to replace those from the original Legacy Group, the Refill Group, the New Refill, and the
New Expansion Group that are no longer in the program due to move outs. All of these participants are
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receiving BDR treatment in addition. The control group is composed of approximately 13,000 customers
who serve as controls for New Expansion Group treatment customers, and do not receive reports.

7.1.8 2016 BDR Group

The 2016 BDR Group consists of both treatment and control customers. The treatment group is
composed of approximately 58,000 program participants that will begin receiving communication and
participating in demand curtailment events during peak demand events called during Summer, 2016. This
treatment group is composed of customers already participating in the main HER component of the
Residential Demand Program, who are then additionally exposed to BDR messaging. The control group
is composed of approximately 23,000 customers, also drawn from existing HER groups, who serve as
controls for the 2016 BDR Group treatment customers, and do not receive BDR messaging and
communications. It is important to note that these customers are a subset of the customers described in
Sections 7.1.3 through 7.1 .7 that receive BDR treatment on top of existing HER treatment. These 53,000
treatment and 23,000 control BDR customers are already accounted for in the current participant totals
given in Sections 7.1 .3 through 7.1.7.

7. 1.9 Joint Savings Acyustment Factor

The Joint Savings Adjustment Factor (JSAF) accounts for savings already claimed through other
programs to prevent double counting of savings. The JSAF is based on a comparison of participation in
other APS EE programs between the control and treatment groups. This analysis estimates the savings
resulting from a "lift" in other programs. The JSAF is the ratio of program savings less those from this "lift"
to program savings directly estimated through regression analysis.

7.2 Measure Characterizations

7.2.1Home Energy Reports

zz 1. 1 Applicability

Retrofit

Z21.2Applicable Programs

This measure is only applicable to the Residential Behavioral Program.

Z Z 1.3 Measure Description

The Residential Behavioral Program provides participating Residential customers with bi-monthly reports
called HERs containing information designed to motivate them to change their energy usage behavior to
save energy.

To drive conservation behavior, this program direct mails comparative Home Energy Reports to
participants that show how the energy usage in that customer's home compares with similar homes.
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Coupled with the comparison data, customers receive recommendations for specific and targeted actions
they can take to save energy.

Derived from best practices in behavioral science research, this program uses the power of normative
messaging to successfully engage and motivate conservation actions of targeted individuals. Comparing
an individual's energy use to what is "normal" has proven to be an effective mechanism to attract
attention and motivate action. Normative messaging on energy use, combined with recommendations on
how to improve, comprise the basic approach of this program. The program provides a benchmark for
customers to achieve, and instills a sense of competition to produce sustained conservation behaviors,

In 2016, in addition to receiving HERs, approximately 53,000 existing Residential Behavior Program
customers were randomly selected by the implementer to comprise the 2016 BDR Group. This group will
receive communication from the implementer when peak demand reduction events are called during hot
summer months in order to curb their energy use and reduce peak demand overall. BDR Group
participants will receive follow-up messaging communicating how well they performed relative to others in
terms of reducing their demand during each peak demand event. As with the HER component of the
program, the basis for BDR messaging is also leveraging competition and social norming in order to
encourage customers to change their energy use behavior. However, whereas the HER component does
not specify when or how customers are to reduce energy usage, the BDR component targets specific
periods of time during which customers are asked to curtail energy use.

72.1.4 Baseline Definition

The baseline in the case of the HER component of the program is a group of residential customers that
do not receive home energy reports, also referred to as the "control group." The monthly energy
consumption profile of the control group prior to program launch is consistent with that of the APS
customers that receive the reports, also referred to as the "treatment group." Each group (Legacy, Refill,
New Refill, Expansion, and New Expansion) has its own control group which serves as its baseline.

The meaning of baseline with respect to the BDR component of the program is identical-the BDR
component is also composed of treatment and control groups. Both BDR treatment and control groups
receive HER reports, but the BDR treatment group also receives BDR messaging, whereas the BDR
baseline group does not receive BDR messaging. The BDR control group serves as a baseline energy
usage level against which to measure the additional energy and demand savings attributable to the BDR
component of the program over and above existing HER savings.

721.5 Efficient Definition

I The efficient case for the HER program component (i.e. those participating in the HER program
component) is a group of residential customers that receive HERs, also referred to as the "treatment
group." The treatment group is sub-divided into Legacy, Refill, New Refill, Expansion, and New
Expansion Group participants. The efficient case for the BDR program component is a group of existing
Residential Behavior Program customers that receive BDR messaging and communications in addition to
HERS.
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Per participant savings estimates are based on the weighted average of Legacy, Refill, New Refill,
Expansion, and New Expansion Group participants plus additional incremental savings contributed by the
BDR program component.

Z Z 1.6 Unit Basis

"per participant" basis.This measure's savings and incremental measure cost are determined on a

Z Z 1. Effective Useful Life

This measure has an effective useful life of 1 year under the conservative assumption that savings are
primarily due to behavioral modifications and do not persist after a participant stops receiving the HERs.

Z Z 1.8 Incremental Measure Cost

There is no incremental measure cost associated with this program under the assumption that savings
are driven by behavioral changes with no cost to the participant.

Z Z 1.9AnnuaI Energy Savings Algorithm

Program savings are determined from a statistical comparison of monthly billing data between a control
group and a treatment group. The model outputs have been verified through the MER process.

The following algorithm is used to estimate annual energy saving impacts from this measure.

.annum I°Ill'\~-e=*h.+ 8Mm=!lul.m4+4iEFhn.u=!iu..»w+4Mh¢»=!iulq¢»
+ m u . . W = 1 u u " . . l = w
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49li4!.»

Auumwlg

"urn
Mike-ur

..
I

'8-fl-nur
m » ~ . -
*Hunan
mp4,,,,,,,,
1i1-nu:

= Annual kph energy savings for this measure
= Annual kph energy savings for a Legacy participant

= Percent of total program participants in the Legacy group

= Annual kph energy savings for a Refill participant

= Percent of total program participants in the Refill group

= Annual kph energy savings for a New Refill participant

= Percent of total program participants in the New Refill group

= Annual kph energy savings for an Expansion Group participant

= Percent of total program participants in the Expansion Group

= Annual kph energy savings for a New Expansion Group participant

= Percent of total program participants in the New Expansion Group
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new = Joint Savings Adjustment Factor

ZZ 1.10 Coincident Peak Demand Savings Algorithm

Coincident peak demand savings are estimated by equally distributing energy savings in July and August
across each hour of the two month period. The following algorithm is used to estimate program impacts
for coincident peak demand.

in']l *dll-=
+

w-m
Where:

aswlwl
i *
1514

= Weighted monthly energy savings for July for Legacy and Refill Group

= Weighted monthly energy savings for August for Legacy and Refill Group

= Joint Savings Adjustment Factor

7.3 Algorithm Input Values

Table 7-1 and Table 7-2 displays the inputs to the algorithm above to estimate "per participant" savings
for recipients of the home energy reports. These values are derived from a statistical regression model
based on annual monthly consumption for the control. and treatment groups through September 2015.

Table 7-1. Algorithm Inputs for Home Energy Reports

Measure Home Energy
Reports

Home Energy
Reports with

BDR

n m , "

ng,
5IM,,,1
9841!

88Wlm1ru

311

0.19

305

0.04

447

0.09

363

0.17

338

0.04

540

0.08

129

0.67

TBD

TBD

149

0.56

TBD

TBD

'FIG
°*""lw
*ln-

|,,,,,,,

1111111u151
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Table 1-2. Algorithm Inputs for Home Energy Reports

LMeasure

TBDTBD51

Home Energy Reports

Home Energy Reports with BDR

0.977

0.977

51 HER value with BDR
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8. RESIDENTIAL PREPAID ENERGY CONSERVATION PILOT
PROGRAM

The Residential Prepaid Energy Conservation pilot Program ("Prepay Program") is an alterative to
traditional monthly billing that allows the customer to deposit funds into an account on an ongoing basis
rather than wait for a monthly bill. As the customer uses electricity, the account balance diminishes. The
customer then deposits additional funds and continues consuming electricity without a break in service.
The program provides customers the opportunity to control the pace at which they consume electricity.
Program savings are determined through a statistical comparison of monthly billing data between a
treatment group and a matched control group.

8.1 Program Definitions and Algorithm Input Descriptions

The following sections define key terms used in the discussion and characterization of savings and costs
for the Prepay Program.

8.1 .1 Conservation Effect

The conservation effect is the average reduction in energy consumption associated with participant
enrollment in the Prepay Program. The conservation effect comprises three distinct sub-effects: the DSM
program effect, the disconnect effect and the behavior effect (see definitions 8.1 .28.1.38.1 .4).

8.1.2 DSM  Program Effect

The DSM program effect is the average reduction in energy consumption associated with Prepay
Program participants' involvement in other DSM programs during their period of enrollment in the Prepay
Program. The DSM program effect must be subtracted from the conservation effect in order to avoid
double-counting savings attributable to other DSM programs. .

8.1.3 Disconneet Effect

The disconnect effect refers to the average reduction in energy consumption due to Prepay Program
participants' having their electricity service interrupted as a result of not maintaining a positive balance of
funds in their account. The disconnect effect is subtracted from the conservation effect in order to
estimate savings attributable to the Prepay Program.

8. 1.4 Behavior Effeet

The behavior effect refers to the average reduction in energy consumption associated with participant
enrollment in the Prepay Program, not inclusive of DSM program effects and disconnect effects. The
behavior effect is calculated by subtracting both the DSM program and disconnect effects from the
conservation effect. Savings due to the behavior effect are claimed by APS as Prepay Program savings.

8.1.5 Annual Energy Consumption

The average annual energy consumption in kph of program participants prior to their participation in the
Prepay Program. This value is based on monthly billing data for program participants and was determined
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as part of a 2014 Navigant study of APS's Prepay Pilot program52. Annual energy savings are calculated
by multiplying the annual energy consumption by the behavior effect.

8.1.6 Peak Demand

The peak demand in kW of program participants occurring during the coincident peak period prior to their
participation in the Prepay Program. Peak demand was determined by analyzing preprogram hourly
interval data for participants for the coincident peak period, (i.e., weekdays July-August, from 4-6 p.m.) as
part of the 2014 Navigant study.

8.2 Measure Characterizations

8.2.1Prepay Accounts

az 1. 1 Applicability

Retrofit

8.21.2 Applicable Programs

This measure is only applicable to the Prepay Program.

a z 1.3 Measure Description

Through the Prepay Program, APS Residential customers pay for their electricity consumption from a
prepay account, rather than receiving and paying a monthly electric utility be. As the customer consumes
electricity, funds are deducted from the account to pay for the electricity used. Prepay Program
participants periodically deposit funds into their prepay account in order to maintain uninterrupted electric
semce.

Based on best practices in behavioral science research, this program utilizes the power of feedback
messaging to successfully engage Prepay participants in energy use conservation behaviors. The ability
to monitor the availability of funds and energy use via a web portal and balance alerts motivates
participants to control the pace at which they consume electricity from Aps. The direct and visible link
between electricity use and the funds available in their prepay account is hypothesized to spur
conservation behavior. For example, customers who are aware that they may not be able to deposit more
funds into the prepay account in the near term may reduce electricity use accordingly in order to avoid
experiencing a disconnect event.

i
i

52'Impact Evaluation of Arizona Public Services* PrepayPilot Prepared for Arizona Public Services by Navigant Consulting July
2014.
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8.21.4 Baseline Definition

The baseline condition is defined as the energy consumption of residential customers that do not
participate in the Prepay Program. To estimate the baseline condition, Navigant's 2014 impact evaluation
of the Prepay Program employed a matching algorithm to develop a "matched control group." This group
of non-participating customers,has a monthly energy consumption profile prior to program launch
consistent with that of the treatment group (see Section 8.2.1 .5), and therefore serves as a proxy for the
baseline condition.

821.5 Efficient Definition

The efficient case (i.e. those participating in the program) is the energy consumption of residential
customers that participate inthe Prepay Program, also referred to as the "treatment group." The treatment
group customers deposit and maintain funds in a prepay account which is debited to pay for electricity
use, rather than receiving and paying a monthly electricity bill.

8.21.6 Unit Basis

This measure's savings, and incrementalmeasure cost are determinedon a "per participant" basis.

8.21.7 Effective Useful Life

This measure has an effective useful life of 1 year under the conservative assumption that savings are
primarily due to behavioral modifications and do not persist after a participant stops participating in the
Prepay Program, resuming regular monthly billing to pay for electricity use.

&21.8 Incremental Measure Cost

There is no incremental measure cost associated with this program under the assumption that savings
are driven by behavioral changes with no cost to the participant. .

8.21..9Annual Energy Savings Algorithm

Annual energy savings were determined based on a statistical comparison of monthly billing data
between a matched control group and a treatment group in studies of the Prepay Pilot program
conducted by Navigant in 2014 and 201553. Per participant savings estimates are based on the behavior
effect of 7.2%, calculated in the 2014 impact evaluation study as the conservation effect less the DSM
program and disconnect effects. Annual energy savings are the result of multiplying the annual energy
consumption of participants prior to program participation by the behavior effect.

I
II
I

so Aps Prepay Program Updated Disconnect AnalysisDRAFT," Prepared forArizona Public Services by Navigant Consulting
November 2015.
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The following algorithm is used to estimate annual energy saving impacts from this measure.

"lll= !hlmll*11'11-ln1 z llliuii---@l1unlilill¢+!llnl-II)°IMm.-l

Where:

Akwh
l'liluim

Wil-l

= Annual energy savings (in kph) for this measure
= Annual percent energy savings due to the behavior effect

= Average annual energy consumption (in kph) of program participants

prior to participating in the Prepay Program.
= Annual percent energy savings due to the conservation effect

= Annual percent energy savings due to the DSM program effect

= Annual percent energy savings due to the disconnect effect

immune

*lun-1
Qinml

8.21.10 Coincfdent Peak Demand Savings Algorithm

Coincident demand savings are calculated as the average of two approaches. The first approach
assumes the average per participant annual energy savings impact net of disconnects and DSM
programs is distributed equally throughout every hour of the year. The second approach assumes the
percent savings effect is consistent through every hour of the year.

The following algorithm is used to estimate program impacts for coincident peak demand.

4ilW%lllulI¢'&11'iF i@=..l. °¥llE=»=u»* 'I ' 8¢ll¥FW8!ill')l

Where:

a\w14!,,1II,l,
qgmn,
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Akwh

: Coincident Peak Demand Savings in kW

= Percent energy savings due to the behavior effect

= Coincident Peak Demand for program participants in kW

= Annual energy savings (in kph) for this measure

8.3 Algorithm Input Values

Table 8-1 displays the inputs to the algorithm above to estimate "per participant" savings for customers
enrolled in the Prepay Program.

The conservation effect is derived from a statistical regression model based on annual monthly
consumption for the control and treatment groups between July 2012 and December 2013. The DSM
program effect is derived through statistical comparison of matched control versus treatment group
participation in other DSM programs during the treatment period. The disconnect effect is based on
statistical comparison of disconnect events experienced by the treatment group and the matched control
group during the treatment period. The behavior effect, the percentage savings value used as the Prepay
Program deemed savings value, is calculated using the conservation effect, the DSM program effect and
the disconnect effect, according to the equation given in Section 8.2.1 .9.

I
i
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Table 8-1 . Algorithm Inputs for Prepaid Energy Conservation Pilot

Measure 1
i

Peak
Demand

(kw)

Annual Energy
Consumption

(kph)

7.59%7.16%
Prepay

Program 0.40% 3.290.03% 16,488
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9. SOLUTIONS FOR. BUSINESS - LIGHTING

9.1 Algorithm Inputs

9.1.1Baseline Wattage (Wbase)

The baseline wattage refers to the connected load of lighting equipment prior to lighting replacements or
retrofits. The wattage values vary depending on the type of lighting technology and the size or length of
the equipment and are derived from manufacturers' specification and secondary sources.

9.1.2 Efficient Wattage (w,,)

The efficient wattage refers to the connected load of lighting equipment after lighting replacements or
retrofits. The wattage values vary depending on the type of lighting technology and the size or length of
the equipment and are derived from manufacturers' specification and secondary sources.

9. 1.3 Hours of Operation (OpHrs)
Annual hours of operation for different measure types are separated by building type and summarized in
Table 9-1. Hours for lighting measures are determined from a combination of field metering for high
penetration sectors and data from the End-Use Data Acquisition Project (EUDAP) for remaining sectors.
Variations are due to different operating conditions for different buildings. Hours of operation values for
specific measure types are weighted and averaged accordingly to different recorded building types from
historical program participation dating back to Program Year 2008.

9.1.4 Demand Interaction Factor (DIF)

The demand interaction factor is used to account for the fraction of the direct measure demand savings
that decrease (or increase) HVAC system demand. For instance, the installation of more efficient lighting
systems in conditioned spaces reduce cooling loads and increase heating loads in conditioned spaces
resulting in reduced usage of the HVAC system during peak periods of the summer. Demand interaction
factors for different building types, determined through calibrated building simulation utilizing TMY
weather data for Phoenix, Az, are summarized in Table 9-1.

I
9.1.5 Energy lnteraetion Factor (ElF)

The energy interaction factor is used to account for the fraction of the direct measure energy savings that
decrease (or increase) HVAC system consumption. For instance, the installation of more efficient lighting
systems reduce cooling loads and increased heating loads inconditioned spaces resulting in reduced
usage of the HVAC system during peak periods of the summer. Energy interaction factors for different
building types, determined through calibrated building simulation utilizing typical TMY weather data for
Phoenix, Az, are summarized in Table 9-1 .

9.1.6DiversityFactor (DF)
The DF refers to the ratio of the peak demand of a population of units to the sum of the non-coincident
peak demands of all individual units and is derived from a field metering study for lighting measures. DFs
for different building types are summarized in Table 9-1 .
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9.1.7 Coincidence Factor (CF)

The CF is the fraction of the peak demand of a population that is in operation at the time of APS' system
peak and is derived from a field metering study and analysis of Ape' system load. CFs for different
building types are summarized in Table 9-1 .

9.1.8 Demand Savings Factor (DSF)

The DSF represents the percent savings over baseline energy demand. For instance, the addition of
lighting controls may save on load for a system without controls. Values are derived from secondary
research.

9.1.9 Energy Savings Factor (ESF)

The ESF represents the percent savings over baseline energy consumption. For instance, the addition of
lighting controls may save on consumption for a system without controls. Values are derived from
secondary research.

Navigant aligns the values listed in Table 9-1 with historic implementation tracking data to calculate
weighted average savings for rebated lighting measures rebated by Aps. These weighted averages
serve as the basis for APS tracked savings.

Table 9-1. Summary of Common Parameters by Building Type - Lighting

CF DIFDF ElFOpHrsBuilding Type

College/University

Grocery

Hotel/Motel

K-12 School

Medical

Miscellaneous

Office

Restaurant

Retail

Warehouse

Process Industrial

Other Industrial

Data Centers

3981

6659
3108
1835
6739

2769
1804

5217
4431

8432
4481

4481

3432

0.90

0.90

0.66

0.80

0.90

0.89

0.66

0.90

0.92

0.90

0.90

0.90

0.90

0.93

0.99

0.50

0.34

1.00

0.65

0.58

0.95

0.96

0.90

0.93

0.93

0.90

0.17

0.17

0.17

0.04

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.20

0.20

0.20

0.02

0.20

0.20

0.20

0.20

0.20

0.20

0.20

0.20

0.20

I
!
i
I
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9.2 Measure Characterization

9.2.1 T12 to Premium T8/T5; T12 to Standard T8/T5

9.2 1. 1 Applicability

Blended combination of Replace on Burnout and Retrofit

Refer to Section 9.2.1 .4for further details.

9.21.2 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

9.21. 3 Measure Description

This lighting end-use measure promotes the replacement of T12 lamps and ballasts as a system (i.e.,
fixture) with T5 or T8 lamps (i.e., Premium T8/T5 and Standard T8) and electronic ballasts. T5 and T8
lamps provide comparable light output (i.e., lumens) at lower wattages. Electronic ballasts require less
wattage than ballasts often used in T12 system (e.g., magnetic ballasts). The measure only incepts for
replacement of lamps but requires fixtures to have electronic ballasts.

9.2.1.4Baseline Equipment Definition

The baseline case refers to T12 linear fluorescent lamps with magnetic ballasts.

I
Due to a series of federal legislation (i.e., Energy Policy Act of 2005, Energy Independence and Security
Act of 2007, 2009 Department of Energy ruling) and impending Rulemaking (i.e., 2011 Federal Ballast
ruling) on setting luminous efficacy and ballast requirements, there is expected to be a phase-out of
standard T12 ballasts and lamps. This will eventually impact the baseline fixture wattage when lighting
replacements occur with Standard T8 fixtures being the likely option available once stock of T12 lamps
are completed phased-out and customers must replace their fixtures with code minimum lamps and
ballasts. Scenarios where customers have exhausted T12 lamps and such lamps are depleted from
shelves and are therefore required to install T8 lamps are characterized as replacement-on-bumout (i.e.,
Roe). As current lighting options may vary, customers may gradually move towards the ROB scenario as
T12s may slowly become unavailable. For the purposes of this program, this gradual phase-out is being
captured through a gradual blended baseline of the T12 and Standard TG fixtures with each successive
program year of implementation. For this program year, the baseline fixture wattage will be a 25:75 ratio
between T12 and Standard T8 fixtures representing a blended ROB/RET situation as shown in Table 9-2.
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Table 9-2. Blended Fixture Wattage Baseline

Program Year % T12 Baseline % Standard T8
Baseline

2013
2014
2015
2016
2017

100%

50%

25%

12.5%

0%

0%

50%

75%

87.5%

100%

9.21.5 Efficient Equipment Definition

The efficient case refers toT8/T5 linear fluorescent lamps (either Premium or Standard) with electronic
ballasts. Premium T8 lamps or 800-series lamps per the Consortium for Energy Efficiency (CEE)
specifications" refer to lamps with higher luminous efficacy and part of systems with a qualified, high-
efhciency, low-watt electronic ballast. Standard T8 lamps or 700-series lamps do not have CEE lamp
specifications but as part of the program requirements must be retrofitted with electronic ballasts.

9.21.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.21. 7 Effective Useful Life

This measure has an effective useful life of 15 years determined from the DEER 200855.

9.21.8 Incremental Measure Cost

The incremental cost for this measure varies depending on the lamp type and lamp length and includes
the total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Incremental costs for different figure types can be found in Table 9-3.

9.21.9 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-3.

54 http://library.oee1 .orglsiles/default/files/library/2743/CEE_ComLit_HP_Lighting_Spec.pdf
as http://www.deeresources.oom/
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Where:

Akwh
Wnase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

9.2 1. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-3.

éBIF..l,.l.,-92a¢l+Illl)>¢ll!a¢B
Where:

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

AkWwan¢a¢em
Wbase

W e e

D IF

D F

C F

9.2 1. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .
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Table 9-3. Measure Lookup Values - Linear Fluorescents

ccWCFDIFMeasure ElF DFOpHrsMeasure Sub-
Category

Incremental
Cost

(S/lamp)

0.133000 0.15 0.65 0 8 0 26.9 14.0

423000 0.13 0.65 02800.15 18.3

$21.69

$29.01

0.153000 0.13 0.65 0.80 39.3 21.6

0.153000 0.13 58.1810.65 0.80

$23.29

$27.71

3204 0.17 0.14 0.69 0.82 26.9 18

0.173204 0.69 0.82 23.5420.14

$35.66

$40.71

3204 0.17 0.14 0.69 0.82 39.3 27.7

0.17 0.143204 0.69 0.82 81 60

$25.12

$39.06

T12 to Premium
T8/T5

T12 to Premium
T8/T5

T12 to Premium
T8/T5

T12 to Premium
T8/T5

T12 to Standard
T8/T5

T12 to Standard
T8/T5

T12 to Standard
T8/T5

T12 to Standard
T8/T5

2-foot
lamp

3-foot
lamp

4-foot
lamp

8-foot
lamp

2-foot
lamp

3-foot
lamp

4-foot
lamp

8-foot
lamp

9.2.2 T8 to Premium T8

9.22 1 Applicability

Retrofit

9.ZZ2Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

I
:

>>

»
»
»

Large Existing
New Construction
Small Business
Schools

9 .2 2 3 Measure Description

This lighting end-use measure promotes the replacement of Standard 4-foot T8 lamps and ballasts as a
system (i.e., fixture) with 4-foot Premium T8 lamps and electronic ballasts. T8 lamps provide comparable
light output (i.e., lumens) at lower wattages. The measure only incepts for replacement of lamps but
requires fixtures to have electronic ballasts.
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9.224 Baseline Equipment Definition

The baseline case refers to 4-foot Standard T8 lamps with electronic ballasts.

9.225Efficient Equipment Definition

The efficient case refers to 4-foot Premium T8 lamps as defined by CEE specifications56 with electronic
ballasts.

9.226Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.227 Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200857.

9 . 2 2 8 IncreMental Measure Cost

The incremental cost for this measure varies depending on the number of lamps in the fixture
configuration and includes the total material and labor costs. Incremental costs are derived from
contractor interviews and secondary sources. Specific incremental costs for different fixture types can be
found in Table 9-4

9.2Z.9AnnuaI Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-4.

nmsm='°';;''3aupnuas;1+ln

Where:
I

Akwh

Wbase

Wee
OpHrs

ElF Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

Se http:/Aibrarycee1 .org/sites/defauIVIiles/Iibrary/2743/CEEcomLit_HP_Lighting_Spec.pdf
57 http://www.deeresources.coml
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9.22 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-4.

m m+vm=u=~u

Where:

A kW<>oancidem

Wb a s e

W e e

D I F

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.2211 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .

Table 9-4. Measure Lookup Values - T8 to Premium TG

DIF ElF CF DF WWb a s e heMeasure OpHrsMeasure Sub-
Category

Incremental
Cost

($llamp)

T8 to Premium T8 4481 27.70.16 0.14 0.93 0.75 21.6 $17.62
4-foot
lampI

I|

9.2.3High Intensity Discharge (HID) to Linear Fluorescent Retrofit

9.23. 1 Applicability

Retrofit

9.23.2Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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9.23.3 Measure Description

This lighting end-use measure promotes the replacement of High Intensity Discharge (HID) fixtures with
new T5 or T8 fixtures that must contain at least two lamps and an electronic ballast.

9.23.4Baseline Equipment Definition

The baseline case refers to HID fixtures that include Metal Halides (MH) and High Pressure Sodium
(HPS) fixtures with varying lamp wattages from 150 watts up to 1,000 watts.

9.23.5 Efficient Equipment Definition

The efficient case refers to T5HO or T8/T8HO fixtures with number of lamps per texture ranging from two
lamps up to 12 lamps. To ensure that the efficient equipment reduces the connected load, Table 9-5
shows the following baseline-efficient equipment retrofit combinations that are allowed.

Table 9-5. HID to Linear Fluorescent Retrofit Combination Types.

Efficient Fixture TypeBaseline Fixture
Type

150W lamp HID

175W lamp HID

250W lamp HID

I.
400W lamp HID

400W lamp HID

750W lamp HID

1,000W lamp HID

2-lamp aft T5HO/T8,

4-lamp aft T5HO, or

T8 linear

2-lamp 4ft linear or

4-lamp 2ft linear

3-lamp 4ft T5HO,

3-lamp TG linear, or

4-lamp T8 linear

6lamp T5HO linear

4-lamp T5HO or

6-lamp T8 linear

6-lamp T8 linear,

(2)4-lamp T5HO linear, or

(2)6-lamp T8 linear

(2) 4-lamp T5HO linear or

(2)6lamp T8 linear

9.23.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per fixture" basis.
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9.Z3.7Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200858.

9.23.8 Incremental Measure Cost

The incremental cost for this measure varies depending on the lamp type and lamp length of the newly
installed fixture and includes the total material and labor costs. Incremental costs are derived from
contractor interviews and secondary sources. Specific incremental costs for different fixture types can be
found in Table 10-6.

9.2.29 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 10-6.

Where:

Akwh
Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

9.23. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 10-6.

Ania-¥"41'!9un+nnmuua
I

Where:

AkWooinddenl

Wbase

Wee

DIF

DF

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

so http://www.deeresources.com/
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9.23. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .

Table 9-6. Measure Lookup Values - HID to Linear Fluorescent

WDFCFDIF E lFMeasure WunseOpHr$Measure Sub

Category

Incremental
Cost

(S/fixture)

HID to Linear

Fluorescent Retros!
1100

1070

3390

3390

468

468

0.17 0.15 0.76 0.87

0.17 0.15 0.76 0.87

$467.37

$467.37HID to Linear

Fluorescent Retro6t

468847.50.17 0.15 0.76 0.873390
HID to Linear

Fluorescent Retrofit

4688140.17 0.15 0.76 0.873390

$467.37

$467.37HID to Linear

Fluorescent Retrofit

38411000.17 0.15 0.76 0.873390
HID to Linear

Fluoresoent Retrofit

1070 3840.17 0.15 0.76 0.873390

M3215

$432.15HID to Linear

Fluorescent Retrotit

(2)4- lamp4ft  T5HO

replac ing 1000W HPS

(2)4lamp4f l T 5HO

replac ing 1000W MH

(2)4lamp4f t  T 5HO

replac ing 750W HPS

(2)4lamp f l T 5HO

replac ing 750W MH

(2)6lamp4f l T 8

replac ing 1000W HPS

(2)6lamp4ft  TG

replac ing 1000W MH

384847.50.17 0.15 0.76 0.873390
HID to Linear

Fluorescent Retrofit

(2)6lamp aft  TG

replac ing 750W HPS

8140.17 0.15 0.76 0.873390 384

$432.15

$432.15HID to Linear

Fluorescent Retrofit

(2)6lamp4ft  TG

replac ing 750W MH

117.51903390 0.17 0.15 0.76 0.87
HID to Linear

Fluorescent Retrofit

2lamp 4t t  T5HO

replac ing 150W HPS

3390 117.51850.17 0.15 0.76 0.87

$195.69

$195.69HID to Linear

Fluorescent Retrofit

2lamp 4ft  TSHO

replac ing 150W MH

11753390 0.17 0.15 0.76 0.87 216.3
HID to Linear

Fluorescent Retrofit

2- lamp 4fl T5HO

replac ing 175W HPS

211.3 117.50.17 0.15 0.76 0.873390

$195.69

$195.69HID to Linear

Fluorescent Retrofit

2lamp 4ft  T5HO

replac ing 175W MH

3390 190 550.17 0.15 0.76 0.87
2lamp 4fl TG replac ing

150W HPS

HID to Linear

Fluorescent Retrofit

551850.17 0.15 0.76 0.873390

$176.07

$176.072lamp aft  TG replac ing

150W MH

HID to Linear

Fluorescent Retrofit

55218.30.17 0.15 0.76 0.873390
2-lamp 4ft T8 replac ing

175W HPS

HID to Linear

Fluorescent Retrofit

211.33390 0.17 0.15 0.76 0.87 55

$176.07

$176.072lamp 4f1 T8 replac ing

175W MH

HID to Linear

Fluorescent Retrofit

2950.17 0.15 0.76 0.87
HID to Linear

Fluorescent Retrofit

3lamp 4ft  T5HO

replac ing 250W HPS
3390

3390 290

179

1790.17 0.15 0.76 0.87

$223.69

$223.69HID to Linear

Fluorescent Retrofit

3- lamp 4fl T5HO

replac ing 250W MH

;

i
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81
HID to Linear

Fluorescent Retrofit
3-lamp 4ft TG replacing

250W HPS

81

295

290

0.17 0.15 0.75 0.87

0.17 0.15 0.76 0.87

3390

3390

$182.07

$182.07HID to Linear
Fluorescent Retrofit

3-lamp 4ft T8 replacing
250W MH

1060.17 0.15 0.76 0.87
HID to Linear

Fluorescent Retrofit
190

185

3390

3390 1060.17 0.15 0.76 0.87

$23389

$233.69HID to Linear
Fluorescent Retrofit

1900.17 0.15 0.76 0.87 61
HID to Linear

Fluorescent Retrofit

4lamp 2fl T5HO
replacing 150W HPS

4lamp 211 T5HO
replacing 150W MH

4lamp fl TG replacing
150W HPS

1850.17 0.15 0.76 0.87

3390

3390 61

$233.69

$233.69HID to Linear
Fluorescent Retrotil

4lamp 2ft T8 replacing
150W MH

3390 2344640.17 0.15 0.76 0.87
HID to Linear

Fluorescent Retrofit

3390 4550.17 0.15 0.76 0.87 234

$233.69

$233.69HID to Linear
Fluorescent Retrofit

4lamp 4ft T5HO
replacing 400W HPS

4lamp 4ft T5HO
replacing 400W MH

3390 106.52950.17 0.15 0.76 0.87
4lamp 4ft T8 replacing

250W HPS
HID to Linear

Fluorescent Retrofit

3390 0.17 0.15 0.76 0.87 106.5290

$210.07

$210.074lamp aft T8 replacing
250W MH

HID to Linear
Fluoresoent Retro6t

3390 0.17 0.15 0.76 0.87 351464

3390 3510.17 0.15 0.76 0.87 455

$251 .33

$251 .33

HID to Linear
Fluorescent Retrofit

HID to Linear
Fluorescent Retrofit

0.17 0.15 0.76 0.873390 351847.5
HID to Linear

Fluorescent Retrofit

6lamp 4ft T5HO
replacing 400W HPS

6lamp 4f1 T5HO
replacing 400W MH

6lamp fl T5HO
replacing 750W HPS

3390 8140.17 0.15 0.78 0.87 351

$251 .33

$251 .33HID to Linear
Fluorescent Retrofit

6lamp 411 T5HO
replacing 750W MH

4643390 0.17 0.15 0.76 0.87 192
HID to Linear

Fluorescent Retrofit
6lamp 4ft T8 replacing

400W HPS

3390 0.17 0.15 0.76 0.87 455 192

$216.07

$216.07HID to Linear
Fluorescent Retrofit

6lamp 4ft T8 replacing
400W MH

9.2.4 Induction Lighting

9.241 Applicability

Retrofit

9.24.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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9.24.3Measure Description

This lighting end-use measure promotes the replacement of HID lamps with induction lamps.

9.24.4 Baseline Equipment Dehnltlon

The baseline case refers to HID lamps that include Metal Halides (MH) and High Pressure Sodium (HPS)
lamps with wattages varying from 70 was up to 400 watts.

9 . 2 4 5 Efficient Equipment Definition

The efficient case refers to induction lamps with wattages varying from 40 watts up to 165 watts. To
ensure that the efficient equipment reduces the connected load, Table 9-7 shows the following baseline-
efficient equipment retrofit combinations that are allowed.

Table 9-7. Induction Lighting Retrofit Combination Types

Retrof it Combination Types

Induction Lighting replacing >200W and <=250W MH

induction Lighting replacing >200W and <=400W HPS

Inducion Lighting replacing >=100W and <=200W HPS

Induction Lighting replacing >=70W and <=200W MH

9.24.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per fixture" basis.

9.2.4.7 Effective Useful Life

This measure has an effective useful life of 20 years determined from DEER 200859.

9.24.8 Incremental Measure Cost

The incremental cost for this measure varies depending on the wattages of the replacement induction
lighting lamps and includes the total material and labor costs. Incremental costs are derived from
contractor interviews and secondary sources. Specific incremental costs for different lamp wattages can
be found in Table 9-8.

.9.24.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-8.

sohttp://www.deeresources.oom/
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u1;-("IT*'>;¢,i¢¢(1+m5

Where:

Akwh
Wbase
Wee
OpHis
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

9.2410 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-8.

aiiwa.*.-95-§3>~s1+nu>>ain¢¢
Where:

AkW<x>anddem

Wbase

W ee

D I F

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage Of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.24 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1.

iI
I
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Table 9-8. Measure Lookup Values - Induction Lighting
i

W CeDFCF Whoa;ElFDIFMeasure OpHrs

1
Incremental

Cost
(S/fixture)

Measure
Sub-

Category
1
4

295 160.92663 0.16 0.14 0.61 0.82 $204.00Induction
Lighting

Induction Lighting
replacing >200w
and <=250W MH

127.73790.16 0.14 0.61 0.822663 $272.00Induction
Lighting

Induction Lighting
replacing >200W

and <=400W HPS

188 63.80.16 0.14 0.61 0.82263 $254.00Induction
Lighting

Induction Lighting
replacing >=100W
and <=200W HPS

76.1163.20.16 0.14 0.61 0.82 $152.002663Induction
Lighting

Induction Lighting
replacing >=70W
and <=200W MH

9.2.5 Screw-in CFL

\9.251 Applicability

Retrofit

9.Z.i2AppIIcable Programs

This measure is applicable to Ape' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New ConstructiOn
Small Business
Schools

9.253 Measure Description

This lighting end-use measure promotes the replacement of incandescent lamps with screw-in compact
fluorescent lamps (CFLs).

9 .2 5 4 Baseline Equipment Definition

The baseline case refers to incandescent lamps with wattages varying from 40 watts up to 90 watts
assigned to different CFL wattages.

9 . 2 5 5 Efficient Equipment Definition

The efficient case refers to screw-in CFLs with wattages varying from 7 watts up to 27 watts.
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9.25. 6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.257Effective Useful Life

This measure has an effective useful life of 2 years determined from estimated CFL lifetime and from
annual hours of operation.

9.258 Incremental Measure Cost

The incremental cost for this measure varies depending on the wattages of the CFLs and includes the
total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different lamp wattages can be found in Table 9-9.

9.Z.i9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-9.

alrnn=£ Ulw:5 ¢ ? Jl1$1lllii!l1.| . mu

Where:

Akwh
Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

9.2510 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-9.

aii1e».w 9m+m=nw

Where:

AkWodnoident

Wbase

Wee

D IF

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Demand Interaction Factor
Diversity Factor
Coincidence Factor
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9.25.11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-speciNc values presented in
Table 9-1.

Table 9-9. Measure Lookup Values - Screw-In CFL

wDFCFElF Wh.v.uMeasure OpHrS DIF incremental
Cost

($/lamp)

Measure
Sub

Category

140.19 0.16 0.65 0.783517 60 $4.25Screw-In
CFL

15600.19 0.16 0.65 0.783517 $4.52Screw-In
CFL

Compact Fluorescent
Lamps 14 w Screw-

In

Compact fluorescent
Lamps 15 w Screw-

In

18753517 0.19 0.16 0.65 0.78 $5.32
Screw-In

CFL

Compact fluorescent
Lamps 18 w Screw-

In

3517 0.19 0.16 0.65 0.78 2075 $5.86Screw-In
CFL

Compact fIUol€sc€lIt
Lamps 20 w Screw-

In

90 230.19 0.16 0.65 0.783517 $6.86
Screw-In

CFL

Compact fluorescent
Lamps 23 w Screw-

In

3517 260.19 0.16 0.65 0.78 90 $7.46Screw-In
CFL

27903517 0.19 0.16 0.65 0.78 $7.72
Screw-In

CFL Compact fluorescent
Lamps 26 w Screw-

In

Compact fluorescent
Lamps 27 w Screw-

In

7400.19 0.16 0.65 0.783517 $2.39Screw-In
CFL

Compact fluorescent
Lamps 7 w Screw-In

I
I
I
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9.2.6 Hardwired CFL

9.26. 1 Applicability

Retrofit

9.262 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»

»

>>

»

Large Existing
New Construction
Small Business
Schools

9.2613Measure Description

This lighting end-use measure promotes the replacement of incandescent lamps and fixtures with
hardwired CFLs and fixtures.

9.26.4 Baseline Equipment Definition

The baseline case refers to incandescent figures with wattages varying from 40 watts up to 300 watts
assigned to different CFL wattages. .

9.285Efficient Equipment Definition

The efficient case refers to hardwired CFL fixtures with wattages varying from 7 watts up to 84 watts.

9.2.86Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per fixture" basis.

9.2.617 Effective Useful Life

This measure has an effective useful life of 12 years determined from estimated CFL lifetime and from
annual hours of operation .

9.243 Incremental Measure Cost

The incremental cost for this measure varies depending on the wattages of the CFLs and includes the
total material and labor costs. incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different lamp wattages can be found in Table 9-10.

.9.Z&9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-10.
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9ali..-w.;Ami: Mae mn===t1+m

Where:

Akwh

Wbase

Wee

OpHrs

E lF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

9.2610 Coincident Peak Demand Savings Algorithm

The following algorithm is used to eStimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-10.

'""%lhllllm_ fn;-mr-> ,w.. , , ,w,. .

Where:

AkW¢oinaaem
Wbase

We e

D I F

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture .
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.262 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sectorspecific values presented in
Table 9-1.I
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Table 9-10. Measure Lookup Values - Hardwired CFL

CFElFMeasure DIF DF W hOpHrs l11Cf€M8f\t3l
Cost

(S/fixture)

Measure
Sub-

Category

0.18 0.15 0.82 0.874086 60 13 $95.65
Hardwired

CFL

Compact
fluorescent Lamps

13 w Hardwired

4086 14600.18 0.15 0.82 0.87 $95.65Hardwired
CFL

Compact
fluorescent Lamps

14 w Hardwired

0.18 0.15 0.82 0.87 18644086 $95.65
Hardwired

CFL

Compact
fluorescent Lamps

18 w Hardwired

804086 0.18 0.15 0.82 0.87 23 $95.65Hardwired
CFL

Compact
fluorescent Lamps

23 w Hardwired

0.18 0.15 0.82 0.87 804086 26 $95.65
HardWired

CFL

Compact
fluorescent Lamps

26 w Hardwired

4086 80 270.18 0.15 0.82 0.87 $95.65Hardwired
CFL

Compact
fluorescent Lamps

27 w Hardwired

4086 321500.18 0.15 0.82 0.87 $132.39
Hardwired

CFL

Compact
fluorescent Lamps

32 w Hardwired

4086 7400.18 0.15 0.82 0.87 $95.65Hardwired
CFL

Compact
fluorescent Lamps

7 w Hardwired

4086 0.18 0.15 0.82 0.87 300 84 $132.39
Hardwired

CFL

Compact
fluorescent Lamps

84 w Hardwired
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9.2.7 Exit Signs

9.2 z1Applicability

Retrofit

9.272 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

9 .2 7 3 Measure Description

This lighting end-use measure promotes the replacement of exit signs with incandescent or CFL bulbs
with more efficient exit signs with light-emitting diode (LED) or electroluminescent bulbs. This measure
applies to both single and double face exit signs.

9 .2 7 4 Baseline Equipment Definition

The baseline case refers to exit signs with incandescent or CFL lamps.

9.2. 75 Efficient Equipment Definition

The efficient case refers to exits signs with LED or electroluminescent bulbs.

9.276 Unit Basis

This measures incentive, savings, and incremental measure cost are determined on a "per exit sign"
basis.

9.2 Z7 Effective Useful Life

I This measure has an effective useful life of 16 years determined from DEER 200860.

9.2 pa Incremental Measure Cost

The incremental cost for this measure varies depending on the type of efficient exit sign being installed
and includes the total material and labor costs. Incremental costs are derived from contractor interviews
and secondary sources. Specific incremental costs for different exit signs can be found in Table 9-11.

so http:/lwww.deeresources.com/
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9.279Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-11.

: 9uugomml+m9

Where:

Akwh
Wbase
W e e

OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Exit Sign
Efficient Wattage of Sign
Hours of Operation
Energy Interaction Factor

9.2 Z 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-11.

-av¢ws....»..=°*'{;,, *xo+nm»aana
Where:

AkWooinddanl

Wbase

Wee

DIF

DF

CF

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Exit Sign
Efficient Wattage of Exit Sign
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.2 Z 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1.
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Table 9-11 . Measure Lookup Values - Exit Sign

DFCF WElFDIF W.JscMeasure OpHrs Incremental
Cost (S/exit

sign)

M e a s u re

Sub-
Category

1.529.81.00 $78.990.1a 0.15 1.008760
Exit Sign
Retrofit

17.5 1.51 .00 $78.990.18 0.15 1.008760Exit Sign
Retrofit

17.5 51 .000.18 0.15 1.008760
Exit Sign
Retrofit

29.8 51.008760 0.18 0.15 1.00

$58.76

$58.76Exit Sign
Retrofit

Exit Signs
(Electroluminesoent

replacing incandescent)

Exit Signs
(Electroluminescent

replacing CFLs)

Exit Signs (LED
replacing CFL)

Exit Signs (LED
replacing incandescent)

9.2.8 Occupancy Sensors

9.28. 1 Applicability

Retrofit and New Construction

Refer to Section 9.2.8.4for further details.

9.28.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»

»
»

Large Existing
New Construction
Small Business
Schools

9.28.3 Measure Description

This lighting end-use measure promotes the installation of wall box or ceiling mounted occupancy-based
controls on interior lighting equipment (RET) or new lighting equipment (No).

9.28.4 Baseline Equipment Definition

I The baseline case refers to interior lighting equipment without occupancy sensor controls.

a z a nEfficient Equipment Definition

The efficient case refers to interior lighting equipment with occupancy sensor controls.
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9.28.6 Unit Basis

This measure's incentive and incremental measure cost are based on a "per connected watts" basis,
whereas the measure's savings are determined on a "per sensor" basis.

9.28.7EffectneUseful Life

This measure has an effective useful life of 8 years determined from DEER 200861.

9 . 2 8 8 Incremental Measure Cost

The incremental cost for this measure varies depending on the type of efficient exit sign being installed
and includes the total material and labor costs. Incremental mosts are derived from contractor interviews
and secondary sources. Specific incremental costs for different lamp wattages can be found in Table
9-12.

9.28.9Annual Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 912.

anna- m >¢t1+rmt>=w

Where:

Akwh
WCL
OpHrs
ElF
ESF

Energy savings for measure (in kph)
Connected Load of Lighting Equipment
Hours of Operation
Energy Interaction Factor
Energy Savings Factor

I

as http://www.deeresouroes.com/
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9.2810 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-12.

nin..--r>a+maaa=lmms

Where:

AkW°°maaem

WCL

DIF

C F

D F

DSF

Coincident peak demand savings for this measure (in kw)
Connected Load of Lighting Equipment
Demand Interaction Factor
Coincidence Factor
Diversity Factor
Demand Savings Factor

9.2811 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .

Table 9-12. Measure Lookup Values - Occupancy Sensor

Measure CFElF DF ESF DSFOpHrs DIFMeasure Sub-
Category

Incremental
Cost

($/connected
watt)

2612 0.12 0.12 0.59 0.81 0.39 0.16 $0.29
Occupancy

Sensors
Occupancy
Sensors

9.2.9 Daylighting Controls

9.2.9.1 Applicability

Retrofit and New Construction

Refer to Section 9.2.9.4 for further details.

9.29.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

I

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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l

9.29.3Measure Description
l

This lighting end-use measure promotes the installation of photo sensors that control dimming ballasts or
dimming systems on interior lighting equipment (RET) or new lighting equipment (NC).

9.29.4Baseline Equipment Det7nition
l

The baseline case refers to interior lighting equipment without photo sensors.

9.29.5 Eh'icient Equipment Definition

The efficient case refers to interior lighting equipment without photo sensors.

9.29.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per connected
watts" basis.

9.29.7Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200862.

9.29.8 IncrementalMeasure Cost

The incremental cost for this measure varies depending on the type of efficient exit sign being installed
and includes the total material and labor costs. Incremental costs are derived from contractor interviews
and secondary sources. Specific incremental costs for different lamp wattages can be found in Table
9-13.

9.29.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-13.

62 http://wvvvv.deeresources.oom/
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.14 1 l m ><1+l=n

Where:

Akwh
WCL
OpHrs
ElF
ESF

Energy savings for measure (in kph)
Connected Load of Lighting Equipment
Hours of Operation
Energy Interaction Factor
Energy Savings Factor

9 . 2 8 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-13.

==1i11v¢i.=..m --f:,-ra +nulm<er=tnu>aiu

Where:

AkW¢<»inaaem

WCL

i F

C F

D F

D S F

Coincident peak demand savings for this measure (in kw)
Connected Load of Lighting Equipment
Demand Interaction Factor
Coincidence Factor
Diversity Factor
Demand Savings Factor

9.2.9. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1.

Table 9-13. Measure Lookup Values - Daylighting Controls

ESF DSFDFDIF CFElFMeasure OpHrsMeasure Sub-
Category

Incremental
Cost

(5/connected
watts)

0.87 0.88 0.54 0.544516 0.19 0.16 $0.75
Daylighting

Controls
Daylighting

Controls

na
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9.2.10 T12/T8 Delamping

9.210. 1 Applicability

Retrofit

o z 10.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

9.2 10.3Measure Description

This lighting end~use measure promotes the permanent removal of fluorescent lamps in existing fixtures.
Lighting retrofits are part of the measure found in Section 9.2

9.210.4Baseline Equipment Definition

The baseline case refers to an existing T12 fixture or a T8 fixture that has not been retrofitted or
decamped.

9.210.5 Efficient Equipment DefinitionII
II
I The efficient case refers to a T12 fixture or a T8 fixture that has been decamped. A reflector may be

added when decamping to maintain adequate lighting levels.

9.2. 10.6Unit 8asis

This measure's incentive and incremental measure cost are determined on a "per lamp" basis, whereas
the measure's savings are determined on a "per fixture" basis.

9.210. 7Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200863.

9.2. 10.8Incremental Measure Cost

The incremental cost for this measure varies depending on the number of lamps per fixture being
decamped and includes the total material and labor costs. Incremental costs are derived from contractor
interviews and secondary sources. Specific incremental costs can be found in Table 9-14.

ea http://www.deeresources.oom/
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9.210.9 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-14.

¢ l =; § 4 u a , , , , , , , m + , , ,

Where:

Akwh
Wnase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

9.210. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-14.

M&,lg.¢=§* W+:Mx4
Where:

i
AkW¢oanddem

W w w

Wee

D IF

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.2 10. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .
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Table 9-14. Measure Lookup Values - Delamping

Measure C F DFElF W e W;DlFODHrsMeasure Sub
Category

Incremental
Cost

(S/lamp)

0.16 0.14 0.68 0.81 42.82931 28.9 $13.61

2931 41.40.16 0.14 0.68 0.81 61.6 $13.61

T12/T8 Delamping

T12/T8 Delamping

2931 0.16 0.14 0.68 0.81 76.1 49.6 $13.62T12/T8 Delamping

2931 0.16 0.14 0.68 0.81 102.0 76.5 $14.03T12/T8 Decamping

2-foot
lamp

3-foot
lamp

4-foot
lamp

8-foot
lamp

9.2.11Cold Cathode Fluorescent Lighting

9.211. 1 Applicability

Retrofit

9.211.2Applicable Programs

This measure is applicable to Ape' Solutions for Business programs, which include:

»

»

»

>>

Large Existing
New Construction
Small Business
Schools

9.211.3Measure Description

This lighting end~use measure promotes the replacement of incandescent lamps and fixtures with cold
cathode fluorescent CFLs. .

9.211.4 Baseline Equipment Definition

The baseline case refers to incandescent fixtures with wattages varying from 25 watts up to 58 watts
assigned to different cold cathode CFL wattages.

9.211.5Efficient Equipment Definition

The efficient case refers to cold cathode CFL fixtures with wattages varying from 3 watts up to 8 watts.

9.211.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per fixture" basis.
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9.211. 7 Effective Useful Life

This measure has an effective useful life of 4 years determined from estimated fluorescent fixture lifetime
and from annual hours of operation.

9.2 11.8 Incremental Measure Cost

The incremental cost for this measure varies depending on the wattages of the CFLs and includes the
total material and labor costs. Incremental mosts are derived from contractor interviews and secondary
sources. Specific incremental costs for different lamp wattages can be found in Table 9-15.

9.211.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-15.

alalsn= °'1'§,'°'»~vuI-»»~t1+m

Where:

Akwh
Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

9.2 11. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-15.

'W'mHIE--8?;-£wo+m===w=¢
I Where:

i

AKWcuaf1d¢em

Wbase

Wee

D IF

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor
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9.211. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the.sector-specific values presented in
Table 9-1

Table 9-15. Measure Lookup Values - Cold Cathode

WL;E lF CFMeasure DIF DF W mOpHrsMeasure Sub

Category
Incremental

Cost
(Slfixture)

256400 31.00 $13.360.20 0.1.7 1.00

6400 1.00 350.20 0.17. 1.00 5 $11 .72

6400 80.20 0.17 1.00 581.00 $21.12

Cold Cathode

Fluorescent

Lamps 3 w

Cold Cathode

Fluorescent

Lamps 5 w

Cold Cathode

Fluorescent

Lamps 8 w

Cold Cathode

Fluorescent

Lighting

Cold Cathode

Fluorescent

Lighting

Cold Cathode

Fluorescent

Lighting

9.2. 12 Reduced Lighting Power Density

az 121 Applicability

New Construction

1
9.2 12.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

» New Construction

9.2123 Measure Description

This lighting end-use measure promotes the installation of efficient lighting with lighting power density
(LPD) in watts per square foot (W/SF) less than or equal to values listed in ASHRAE 90.1-2004
corresponding to different building types.

9.2124 Baseline Equipment Definition

The baseline case refers to the LPD in W/SF by building type as listed in ASHRAE 90.1-2004.

9.2125 Efficient Equipment Definition

The efficient case refers to the calculated LPD in W/SF based on total connected lighting load within a
particular space area.
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9.2 126 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per watt reduced"
basis.

az127Effective Useful Life

This measure has an effective useful life of 12 years determined from DEER 200864.

9.2128 Incremental Measure Cost

The incremental cost for this measure is the same for all building types besides parking garage and
includes the total material and labor costs. Incremental costs are derived from contractor interviews and
secondary sources. Specific incremental costs for different lamp wattages can be found in Table 9-16.

9.212.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9~16.

=w-wmm=w+mU-Winn'
Qiiilgl was

Where:

Energy savings for measure (in kph)
LPD of building type as specified by ASHRAE 90.1-2004 (in

Akwh
LPDbase

W/SF)
LPDee
Area
OpHrs
ElF

LPD of calculated Space Area (in W/SF)
Space Area of lighted area (in SF)
Hours of Operation
Energy Interaction Factor

9.212.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-16.

m 4 _ l , , = azanuuufi 4-u1|gamus:||

Where:

so http://www.deeresources.com/
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AkWwinaaern

LPDbase

Coincident peak demand savings for this measure (in kw)
LPD of building type as specified by ASHRAE 90.1-2004 (in

W/SF)
LPDee
Area
ElF
DIF
DF
CF

LPD of calculated Space Area (in W/SF)
Space Area of lighted area (in SF)
Energy Interaction Factor
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.21211 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector~specific values presented in
Table 9-1.

Table 9~16. Measure Lookup Values - Reduced Lighting Power Density

LPDbaseMeasure DIF DFElF CFOpHrsMeasure
Sub-

Category

Incremental
Cost ($/watt

reduced)

2769 0.90.20 0.17 0.65 0.89 $0.87Automotive Facility

Convention Center 2769 0.20 0.17 0.65 0.89 1 .2 $0.87

Court House 1804 0.20 0.17 0.74 0.66 1 .2 $0.87

5217 0.20 0.17 0.95 0.90 1.3 $0.87Dining: Bar
Lounge/Leisure

=
i

5217 1.40.20 0.17 0.95 0.90 $0.87
Dining:

Cafeteria/Fast Food

5217 0.20 0.17 0.95 0.90 1.6 $0.87Dining: Family

3981 10.20 0.17 0.93 0.90 $0.87Dormitory

Lighting
Power

Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density
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12769 0.20 0.17 0.65 0.89 $0.87Exercise Center

1

1.12769 $0.870.20 0.17 0.65 0.89Gymnasium

10.20 0.17 1.00 0.906739Health Care Clinic $0.87

1.20.20 0.17 1.00 0.906739 $0.87Hospital

10.20 0.17 0.77 0.663108Hotel $0.87

1.30.20 0.17 0.65 0.892769 $0.87Library

1.30.20 0.17 0.98 0.904481 $0.87Manufacturing

Facility

10.20 0.17 0.77 0.66Motel 3108 $0.87

1.22769 0.20 0.17 0.65 0.89 $0.87Motion Picture

Theater

1.10.20 0.17 0.65 0.892769Museum $0.87

10.20 0.17 0.74 0.911804Office $0.87

0.20 0.17 0.85 0.89 0.32769 $0.55Parking Garage

1.60.20 0.17 0.85 0.898002 $0.87Performing Arts

Theater

10.20 0.17 0.74 0.66Police/Fire Station 1804 $0.87

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density

Lighting

Power

Density
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Post Office 1.11804 0.20 0.17 0.74 0.66 $0.87

2769 1.30.20 0.17 0.65 0.89 $0.87Religious Building

4431 0.20 0.17 0.96 0.92 1.5 $0.87Retail (Other Than
Mall)

1835 0.02 0.04 0.20 0.8 1.2 $0.87School/University

2769 0.20 0.17 0.65 0.89 1.1 $0.87Sports ArenaI
1

I

I
I

Town Hall 2516 0.20 0.17 0.74 0.91 1.1 $0.87

2769 0.20 0.17 0.65 0.89 1 $0.87Transportation

Warehouse 3432 0.20 0.17 0.90 0.90 0.8 $0.87

2769 1.40.20 0.17 0.65 0.89 $0.87Workshop

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

Lighting
Power
Density

9.2.13 Traffic Signals

9.2 13. 1 Applicability

Retrofit

9.218'.2Appllcable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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o z 1.13Measure Description

This lighting end-use measure promotes the replacement of existing incandescent traffic lamps with LED
lamps for red and green traffic signal lights.

9.213.4 Baseline Equipment Definition

The baseline case refers to incandescent traffic lamps for red and green traffic signal lights.

9.213.5 Efficient Equipment Definition

The efficient case refers to LED traffic lamps for red and green traffic signal lights varying in voltage,
varying both in electronics (12 Volts DC or 120 Volts AC) and diameter (8" or 12").

9.213.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.2 13.7 Effective Useful Life

This measure has an effective useful life of 10 years estimated from various reports.

9.2 13.8 Incremental Measure Cost

The incremental cost for this measure varies depending on the color, electronics, and diameter of the
installed LED traffic lamps and includes the total material and labor costs. Incremental costs are derived
from contractor interviews and secondary sources. Specific incremental costs of different LED traffic
lamps can be found in Table 9-17.

9.2 13.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-17.

aim- *"-¥,,{-§'1=i»»n-

Where:

Energy savings for measure (in kph)
BaselineWattage of Lamp
Efficient Wattage of Lamp
Hours of Operation

Akwh
Wbase
Wee
OpHrs

9.213. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-17.
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Aw...-*";§,*%u»a

Where:

AkWooinddent

Wbase

W ee

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Diversity Factor
Coincidence Factor

9.213. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1.

Table 9-17. Measure LookupValues - LED Traffic Signals

Measure CF DF WeeWb3s0OpHrsMeasure Sub-
Category

Incremental
Cost

($llamp)

3679 12.91261.00 0.42
LED traffic lights -
Green 12" - 120V

3679 1.00 0.42 8.1126

$113.96

$90.96

Traffic Signals

Traffic Signals LED traffic lights -
Green 12" - 12V

751.00 0.423679 9.1
LED traffic lights -
Green 8" ". 120V

3679 1.00 0.42 75 5

$69.76

$58.36

Traffic Signals

Traffic Signals LED traffic lights -
Green 8" - 12V

I

4818 1261.00 0.55 7.5
LED traffic lights - Red

12" - 120V

4818 1.00 0.55 5.2126

$57.15

$50.36

Traffic Signals

Traffic Signals LED traffic lights - Red
12" - 12V

4818 1.00 0.55 8.875
LED traffic lights - Red

8" - 120V

4818 751.00 0.55 3

$57.76

$35.96

Traffic Signals

Traffic Signals LED traffic lights - Red
8" - 12V
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9.2.14 LED Channel Lights

az 14. 1 Applicability

Retrofit

9.214.2 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
small Business
Schools

9.214.3MeasureDescription

This lighting end-use measure promotes the replacement of existing neon channel letter signs with LED
channel letter signs.

9.214.4Baseline Equipment Definition

The baseline case refers to neon channel letter signs.

9.2 14.5 Efficient Equipment Definition

The efficient case refers to LED channel letter signs.
l

9.214.6 UnitBasis
I
I.
i

This measure's incentive, Savings, and incremental measure cost are determined on a "per linear foot of
neon Signage" basis. .

9.214.7Effective Useful Life

This measure has an effective useful life of 10 years determined from estimated LED lifetime and from
annual hours of operation.

9.214.8 Incremental Measure Cost

The incremental cost for this measure only includes total material cost. Incremental costs are derived

from contractor interviews and secondary sources. Specific incremental costs can be found in Table9-18.

9.214..9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-18.
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IH§l=

Where:

Energy savings for measure (in kph/ linear foot)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation

Akwh

Wbase

Wee

OpHrs

9.214. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-18.

,,,%._.¢*_mT;'4»>,m,

Where:

Coincident peak demand savings for this measure (in kw/ linear foot)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Diversity Factor
Coincidence Factor

AkWe°in¢aeni

Wbase

Wee

DF

CF

9.2 14. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .

Table 9-18. Measure Lookup Values - LED Channel Lights

DFMeasure Wbnse WeeOpHrs CFMeasure Sub~
Category

Incremental
Cost ($lLF)

5110 0.13 1.00 6 1.2 $10.101 LED Channel Lights LED Channel Lights

9.2.15 LED Lighting (Pedestrian Signals)

9.2. 151 Applicability

Retrofit

9.21£2Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:
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»
»
»
»

Large Existing
New Construction
Small Business
Schools

9.2153 Measure Description

This lighting end-use measure promotes the replacement of existing incandescent traffic lamps with LED
lamps for pedestrian traffic signal lights.

9.2154 Baseline Equipment Dehnition

The baseline case refers to incandescent traffic lamps for pedestrian traffic signal lights.

9.2155 Efficient Equipment DeHnltion

The efficient case refers to LED traffic lamps for pedestrian traffic signal lights and may include motion
sensors.

9.2156 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.2 157 Effective Useful Life

This measure has an effective useful life of 10 years determined from estimated LED lifetime and from
annual hours of operation.

9.2158IncrementaI Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
derived from contractor interviews and secondary sources. Specific incremental costs can be found in
Table 9-19.

9.21i9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-19.

ami-93:55==°in=

Where:

Energy savings for measure (in kph)
Baseline Wattage of Lamp .
Efficient Wattage of Lamp
Hours of Operation

Akwh

Wbase

Wee

OpHrs
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9.2 1510 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-19.

_ , _ - 4 , @ ,

Where:

AkW¢°anaaeni

Wbase

W ee

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Diversity Factor
Coincidence Factor

9.21511 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1 .

Table 9-19. Measure Lookup Values - LED Pedestrian Signs

Measure DF WeeCF WbaseOpHrsMeasure Sub-
Category

Incremental
Cost

($llamp)

1.00 0.625432 132 8 $190.66

6483 1321.00 0.74 8.9 $238.66

LED Lighting

LED Lighting

Pedestrian NO
countdown

Pedestrian W/
COU ntdown

I
I 9.2.16LED Lighting (LED Lamps)

9.21a1 Applicability

Retrofit

9.21a2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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9.2163 Measure Description

This lighting end-use measure promotes the replacement of existing incandescent or halogen lamps with
LED lamps. .

9.216.4 Baseline Equipment Definition

The baseline case refers to incandescent or halogen lamps of 100 watts or less.

9.2185 Efficient Equipment Definition

The efficient case refers to LED lamps including reflector lamps of the R, BR, or PAR series.

9.2186 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.21617 Effective Useful Life

This measure has an effective useful life of 7 years based on estimated LED lifetime and from annual
hours of operation.

9.216.8lncremental Measure Cost

The incremental cost for this measure, which only includes total material costs, varies depending on
wattages of different LED lamps and whether such lamps have reflectors. Incremental costs are derived
from contractor interviews and secondary sources. Specific incremental costs can be found in Table 9-20.

9.2 16.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-20.

. -myMEI-*;;w'l'll4llIJ1I1+IW!

Where:
i

Akwh

Wbase

Wee

OpHrs

ElF

Energy savings for measure (in kph)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

9.216. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-20.
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";;"'ara4~lul9alrwaa

Where:

Akvvcoitlddent

Wbase

Wee

DI F

D F

CF

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Demand Interaction Favor
Diversity Favor
Coincidence Factor

9.216111 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values presented in
Table 9-1.

Table 9-20. Measure Lookup Values - LED Lamps

ElFDIFMeasure DFCF Wbasc WeeOpHrsMeasure
Sub-

Category

Incremental
Cost

($/lamp)

0.203676 0.17 0.71 1.00 7.852.1 $26.68
LED

Lighting

3676 0.20 0.17 1 .00 57.3 11.40.71 $42.25LED
Lighting

LED Lamps
NO

Reflector

LED Lamps
W/

Reflector

I
I 9.2.17LED Lighting 1mR-16 LED Lamps)

az 1z1 Applicability

Retrofit

9.2172 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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9.2173 Measure Description

This lighting end-use measure promotes the replacement of existing halogen lamps with multifaceted
reflector (MR)-16 LED lamps.

9.2174 Baseline Equipment Definition

The baseline case refers to halogen lamps.

9.2115 Efficient Equipment Definition

The efficient case refers to MR-16 LED lamps that have the same format for halogen bulbs.

9.217.6Unit 8asis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.21z7Effectlve Useful Life

This measure has an effective useful life of 7 years determined from estimated LED lifetime and from
annual hours of operation.

9.2178 Incremental Measure Cost

The incremental cost for this measure, which only includes total material costs, varies depending on
wattages of different MR-16 LED lamps. Incremental costs are derived from contractor interviews and
secondary sources. Specific incremental costs can be found in Table 9-21 .

9.21Z9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-21 .

"Mis °'§;'*"»¢la»a=z1+urx

Where:

Akwh

Wbase

Wee

OpHrs

ElF

Energy savings for measure (in kph)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

9.217 10 Coincidenf Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-21 .
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all;-,-9? 3=u+mu==nn=a

Where:

AkWwinaa¢m
Wbase
Wee
DIF

DF
CF

= Coincident peak demand savings for this measure (in kw)
= Baseline Wattage of Lamp
= Efficient Wattage of Lamp
= Demand Interaction Factor

Diversity factor
= Coincidence Factor

9.217 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector~specific values presented in
Table 9-1.

Table 9-21. Measure Lookup Values - MR-16 LED Lamps

Measure DIF ElF C F DF Wbase WeeOpHrsMeasure
Sub-

Category

Incremental
Cost

($/lamp)

3675 0.20 0.17 0.71 1 .00 39.2 4.8LED Lighting $38.83
MR-16 LED

Lamps

9.2.18LED Lighting (Refrigerated Case LEDs)

9.218. 1 Applicability

Replace on Burnout and New Construction

9.218.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

I
i

I|

»
»
»
»

Large Existing
New Construction
Small Business
Schools

I
9.218.3 Measure Description

This lighting end-use measure promotes the replacement of existing 5-foot or 6-foot T12 or T8 linear
fluorescent lamps with LED lamps in refrigerated and freezer cases.

i
I
I
I
I
I
I Page 135

Technical Reference Manual
Arizona Public Service Energy Efficiency Programs



NAVIGANT

9.218.4 Baseline Equipment Definition

The baseline case refers to 5-foot or 6-foot T12 or T8 linear fluorescent lamps.

9.2 1a5 Efficient Equipment Definition

The efficient case refers to 5-foot or 6-foot LED lamps and may include motion sensors.

9.21a6 Unit 8asis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

9.2 18.7 Effective Useful Life

This measure has an effective useful life of 6 years determined from estimated LED lifetime and from
annual hours of operation.

.9.21688 Incremental Measure Cost

The incremental cost for this measure, which only includes total material costs, varies depending on
whether LED lamps have motion sensors. Incremental costs are derived from contractor interviews and
secondary sources. Specific incremental costs can be found in Table 9-22.

9.218.9Annual Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-22.

alm!h M QHW

Where:

Akwh

Wbase

Wee

OpHrs

E lF

Energy savings for measure (in kph)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

9.218. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-22.

'HIE-1 wwm+w:=u=l=m

Where:
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AkW¢0maaem
Wbase

Wee

DIF

D F

C F

= Coincident peak demand savings for this measure (in kw)
= Baseline Wattage of Lamp
= Efficient Wattage of Lamp
= Demand Interaction Factor

Diversity factor
= Coincidence Factor

9.218.11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specitic values presented in
Table 9-1.

Table 9-22. Measure Lookup Values - Refrigerated Case LED Lighting

Measure DIF ElF DFC F WeeWbaseOpHrsMeasure
Sub-

Category

Incremental
Cost

(S/lamp)

8634 21.872.50.25 0.25 1.00 1.00 $124.55
LED

Lighting

Refrigerated Case
LED Lamps NO
motion Sensors

6043 72.5 21.80.25 0.25 1.00 1.00 $129.08LED
Lighting

Refrigerated Case
LED Lamps W/
motion Sensors

9.2.19 LED Lighting (Linear LEDs)

9.219. 1 Applicability

Retrofit

i

9.21.9.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»

»

»
»

Large Existing
New Construction
Small Business
Schools

9.21.9.3 Measure Description

This lighting end-use measure promotes the replacement of existing TG linear lluorescents lamps with
Linear LED lamps.
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9.219.4 Baseline Equipment Definition

The baseline case refers to T8 linear fluorescent T8 lamps with electronic ballasts.

9.219.5 Efficient Equipment Definition

The efficient case refers to Linear LED lamps that install directly into existing ballasts.

9.219.6 Unit 8asis

This measure's incentive, savings, and incremental measure cost are detemlined on a "per lamp" basis.

9.219.7Effectlve Useful Life

This measure has an effective useful life of 17 years based on estimated LED lifetime and from annual
hours of operation.

9.219.8 Incremental Measure Cost

The incremental cost for this measure, which only includes total material costs and varies depending on
wattages of different LED lamps. Incremental costs are derived from the secondary sources. Specific
incremental costs can be found in Table 9-23.

9.219.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 9-23.

mW"*2rn¢nuQ1+l|l;~

Where:

n
I Akwh

Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

9.219. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 9-23.

alsl5,,.,....=" ' ; ; " " n u + - n a n a n x a

Where:
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AKW¢oanaaem

Wbase

Wee

D I F

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Demand Interaction Factor
Diversity Factor
Coincidence Factor

9.219. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs. Values are weighted averages based on the sector-specific values for linear
fluorescents presented in Table 9-1.

Table 9-23. Measure Lookup Values - Linear LED Lamps

Measure DIF ElF CF DF WeeWbaseOpHrsMeasure
Sub-

Category

Incremental
Cost

($llamp)

0.15 0.65 170.13 .80 92,981 $8.03
LED

Lighting

0.15 0.13 0.65 .80 12262,981 $10.38LED
.Lighting

T8 to Linear
LED 2-foot

lamp

T8 to Linear
LED 3-foot

lamp

0.130.15 170.65 .80 31 $14.892,981
LED

Lighting

0.15 0.13 0.65 38.80 59 $29.522,981LED
Lighting

T8 to Linear
LED4-foot

lamp

T8 to Linear
LED 8-foot

lamp
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10. SOLUTIONS FOR BUSINESS HVACAND COOLING

10.1 Algorithm Inputs

10.1.1 Hours of Operation/ Effective FullLoadHours (EFLH)

The EFLH is defined as the total number of hours that equipment is in full operation. Annual hours of
operation for different measure types are derived from a combination of data fromthe U.S.Department of
Energy's (DOE) Benchmark Prototype ModeIs65 and the EUDAP conducted by APS. Variations within
measures are due to different operating conditions for different buildings.

10.1.2 Load Factor (LF)

The LF is the ratio of maximum operating power or capacity of a measure to its nameplate power or
capacity. Values are based on engineering models and secondary literature reviews specific to
commercial refrigeration equipment.

10.1.3CoincidenceFactor (CF)

The CF is the fraction of the peak demand of a population that is in operation at the time of Aps' system
peak. Values are based on engineering models and secondary literature reviews specific to HVAC
equipment.

10.1.4 Energy Efficiency Ratio (EER)

The EER is defined as the ratio of net cooling capacity - or heat removed in Btu/h - to the total input rate
of electric power applied in Watts. For AC units with s 65,000 Btu/h, SEER should be used for cooling
savings.

10.1.5 Seasonal EnergyEffieiencyRatio(SEER)

The SEER is the cooling output during a typical cooling-season divided by the total electric energy input
during the same period. For AC units with 2 65,000 Btu/h, EER should be used for cooling demand
savings.

10.1.6 Integrated Energy Effieieney Ratio (IEER)
I
iI!
1 The IEER is the cooling part-load EER efficiency for commercial unitary air conditioning equipment on the

basis of weighted operation at various load capacities. For 3 phase Ac units with z 65,000 Btu/h, IEER
should be used for cooling energy savings.

y d l nU m r i /965 all // .en r o  e ls
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10.1. 7 Heating Seasonal Performance Factor (HSPF)

The HSPF is the heat output over the heating season divided by the electricity input during the same
period.

10.1.8 Integrated part-load value (ILL W

The IPLV is a weighted average of efficiency measurements at various part-load conditions and is a
standardized way of comparing equipment (e.g., air-cooled chiller) at conditions more representative of
field conditions.

10.1.9 Full-load value (FLW

The FLV refers to a rating value attributed to equipment efficiency at full-load conditions.

10.2 Measure Characterization

10.2.1 Single-Phase Package and Split System Unitary Equipment

1021. 1 Applicability

Replace on Burnout and New Construction

10.21.2 Applicable Programs

This measure is applicable to Ape' Solutions for Business programs, which include:

»
))

»
»

Large Existing
New Construction
Small Business
Schools

10.21.3 Measure Description

This HVAC measure promotes the installation of high-efficiency unitary single phase equipment, both
single-phase package and split system. This measure could apply to the replacing of an existing unit at
the end of its useful life or the installation of a new unit in a new or existing building. The incentive is
determined by two components: an equipment incentive and an efficiency incentive, which are applied
per ton of cooling installed.

1021 .4 Baseline Equipment Definition

Table 10-1: Baseline Equipment Efficiencies

Measure SEERbase EERbase

11.013.0Packaged and Splits Single Phase AC s 65,000 Btu/h

Source ASHRAE 90. 1 2004StandardsI
I

8
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10.21.5 Eft7cient Equipment Definition

All packaged and split system cooling equipment must meet Air-Conditioning and Refrigeration Institute
(AHRI) standards (2101240-2008 or 340/360-2007), be UL listed and use a minimum ozone-depleting
refrigerant (e.g., HCFC or HFC). Equipment that meets the minimum qualifying efficiency rating is eligible
for an incentive. Equipment that exceeds the minimum qualifying efficiencies in Table 10-2 for the
equipment size category is eligible for an efficiency incentive (added on a prorated basis).

Table 10-2: Minimum Qualifying Efflclencies

EERmlnSEER rmTierMeasure

Split Single Phase
AC S 65,000 Btu/h

Packaged Single
Phase AC s 65,000

Btu/h

N/A

12.0

12.5

N/A

11.6

12.0

0 NIA

1 14.0

2 15.0

0 N/A

1 14.0

2 15.0

Source: CEE Commercial Unitary Ac and HP Specification Efficiency Requirements

1 a 2 .1.6 Unit Basis

This measure's savings and incremental measure cost are determined on a "per kBtu/h" basis.

10.2.1.7 Effec t ive  Usefu l  L i fe

This measure has an effective useful life of 15 years determined from DEER 200866.
I
:

10.21.8 Incrementa l Measure Cost

The incremental cost per ton for this measure varies depending on the unit type, unit size, and unit S/EER
and includes the total material and labor costs. Incremental costs are based on participating contractor
interviews and review of program invoices. For details of specific incremental cost calculations, refer to
the MAS. .

10.21.9 Annual Energy Sav ings Algorithm

The following algorithm is used to estimate annual energy saving impacts per ton for this measure.
Numeric values for the variables can be found in Table 10-3.

jHI\m &-8="=="

as http://www.deeresources.oom/
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Where:

Akwh

SEERbase

SEERee
EFLH

Energy savings for measure (in kWh/ton)

Efficiency of the baseline equipment

= Efficiency of the efficient equipment
Effective Full Load Hours

10.2. 1. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per ton for this
measure. Numeric values for the variables can be found in Table 10-3.

. » . . , . . . . . . ¢ _ , ; l * _ - _ _ ; , _ , , . , . , . , ,  X  U

Where:

AkWcoincidenl

EERbas e

Coincident peak demand savings for this measure (in kW/ton)

Efficiency of the baseline equipment, expressed as SEER or
EER

EERee
CF
LF

Efficiency of the efficient equipment, expressed as SEER or EER
Coincidence Factor
Load Factor

10.21. 71 Algorithm Input Values by Measure

For baseline values, refer to Table 10-1 .

Table 10-3: M easure Lookup Values Single Phase Unitary Equipment

SEER he EFLHEER. CF LFMeasure Type Incremental
Cost

($lkBtuh)

Packaged and Splits

Single Phase AC

s 65,000 Btu/h

14.3

15.1

16.1

17.0

20.0

12.0

12.4

12.6

12.8

13.6

2378

2378

2378

2378

2378

0.88

0.88

0.88

0.88

0.88

1.0

1.0

1.0

1.0

1.0

$10.20

$12.00

$21 .40

$39.10

$136.80

10.2.2 T hree-P hase P ackage and  S pl i t  S ystem U ni tary E quipment

10.221 Applicabil i ty

Replace on Burnout and New Construction
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1a2.2.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

141223Measure Description

This HVACmeasure promotestheinstallation of high-efficiency unitary three phase equipment, both
package and split system. This measure could apply to the replacing of an existing unit at the end of its
useful life or the installation of a new unit in a new or existing building. The incentive is determined by two
components:anequipment incentive and an efficiency incentive, which are applied per ton of cooling
installed. .

10.224 Baseline Equipment Definition

Table 10-4: Baseline Equipment Efficiencies

TierMeasure Size EERbaseSEERbase IEERbase HSPFbase

<65kBtu/h 13.0

13.0

65-135kBtu/h

135-240kBtu/hI
I

2240kBtulh

7.7

7.7

11.3

11.3

11.3

10.9

10.9

10.9

10.9

10.9

10.9

11.2

11.2

11.0

11.0

11.0

10.8

10.8

10.8

9.8

9.8

9.8

1

2

0 11.2

1 11.2

2 11.2

0 10.8

1 10.8

2 10.8 -
0 10.1

1 10.1

2 10.1

Source:ASHRAE 90.12004Standards, EERE Appliance Standards, AHRIDatabase

10.2.25EfficientEquipmentDefinition

All packaged and split system cooling equipment must meet Air-Conditioning and Refrigeration Institute
(AHRI) standards (210/240-2008 or 340/360-2007), be UL listed and use a minimum ozone-depleting
refrigerant (e.g., HCFC or HFC). Equipment that meets the minimum qualifying efficiency rating is eligible
for an incentive. Equipment that exceeds the minimum qualifying efficiency for the equipment size
category is eligible for an efficiency incentive (added on a prorated basis).
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Table 10-5: Minimum Qualifying Efficiencies

SEER~:.-» IEERbasTier E E R m .SubcategoryMeasure
Size

Heating
Section Type

Split System
All

<65kBtu/h

Single Package

14.0

15.0

14.0

15.0

Electric
Resistance

Split System 81
Single Package

65-135kBtu/h
All Other Split System &

Single Package

Electric
Resistance

Split System 8¢
Single Package

135-
240kBtu/h All OtherI

i
Split System 8=
Single Package

Electric
Resistance

Split System &
Single Package

2240kBtU/h All Other
Split System &
Single Package

11.8

13.0

14.0

11.6

12.8

13.8

11.8

12.5

13.2

11.6

12.3

13.0

10.6

11.3

12.3

10.4

11.1

12.1

12.0

12.5

11.6

12.0

11.7

11.7

12.2

11.5

11.5

12.0

11.7

11.7

12.2

11.5

11.5

12.0

10.5

10.5

10.8

10.3

10.3

10.5

1

2

1

2

0

1

2

0

1

2

0

1

2

0

1

2

0

1

2

0

1

2

Source: CEE Commercial UnwaryAC and HP SpecificationEfficiencyRequirements

10.226 Unlt Basis

This measure's savings and incremental measure cost are determined based on a "per kBtu/h" basis.
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70.227Effective Useful Life

This measure has an effective useful life of 20 years determined from DEER 200867.

10.228 Incremental Measure Cost

The incremental cost per ton for thi.s measure varies depending on the unit type, unit size, and unit
S/IEER and includes the total material and labor costs. Incremental costs are based on participating
contractor interviews and review of program invoices. For details of specific incremental cost calculations,
refer to the MAS.

112229Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts per kBtu/h for this measure. For
AC units s 65,000 Btu/h, use SEER instead of IEER to calculate Akwh. Numeric values for the variables
can be found in Table 10-6.

1y.*)xN"SI'IltIlI]~°"'~'°4lllé=..-»»é.>*"=~~=+*~* "'u:». "
Where:

I
I

Ak w h

S E E R bas e

SEERee

IEERbase

IEERee

HSpFba9e

HSPFee

EFLHcooling

EFLHheating

0.5

Energy savings per kBtu/h for this measure

Efficiency of the baseline equipment for units <65 kBtuh

= Efficiency of the efficient equipment for units <65 kBtuh

= Efficiency of the baseline equipment

Efficiency of the efficient equipment
Heating Seasonal Performance Factor
Heating Seasonal Performance Factor
Cooling Effective Full Load Hours
Heating Effective Full Load Hours
Proportion of heat pumps

10.2210 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per kBtu/h for this
measure. Numeric values for the variables can be found in Table 10-6.

° ° = - - = - -$..@==*' oz Cr

Where:

AKWoolncident Coincident peak demand savings per kBtu/h for this measure

Ev http:/lwww.deeresources.com/
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EERbase

EERie
CF
LF

= Efficiency of the baseline equipment
Efficiency of the efficient equipment
Coincidence Factor
Load Factor

14122.11 Algorithm Input Values by Measure

For baseline values, refer to Table 10-4.

Table 10-6: Measure Lookup Values - Three-Phase Unitary Equipment

Tier SEERcQ LFIEER CF<:61011r>(;E E R Q H S P F E F L H EF L H IIC ¥ \ l l l { lMeasure
Size

Incremental
Cost

($/kBtu/h)

<65kBtu/h 14.0

15.0

1

2

2497

2497

11.7

12.1

8.3

8.8

227

227

0.88

0.88

1.0

1.0

13.63

18.07

65-
135kBtu/h

0

1

11.4

11.4

11.7
12.9

2497

2497

227

227

11.6

11.6

1.0

1.0

0.88

0.88

7.18

10.66

2

0

13.9

11.7

12.1

11.2

227

227

2497

2497

11.6

10.9

1.0

1.0

0.88

0.88

14.13

8.53135-
240kBtu/h

1

2

11.2

12.1

12.4

13.1

227

227

2497

2497

10.9

10.9

1.0

1.0

0.88

0.88

12.66

16.78

2240kBtU/h 0

1

10.3

10.3

10.5
11.2

2497

2497

10.9

10.9

0.88

0.88

1.0

1.0

227

227

9.60

14.24

2 12.2 10.7 249710.9 227 1.00.88 18.89

10.2.3 Packaged Terminal Air Conditioners and Heat Pumps

10.23.1 Applicability

Replace on Burnout and New Construction

1122312 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

l »

»

Large Existing
New Construction

P a g e  1 4 7
T ec hn i c a l  Re fe renc e  M anua l
Ar i zo n a  Pu b l i c  Se w i o e  En e rg y E f f i c i e n c y Pro g ra m s
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»

»

Small Business

Schools

1aZ3.3 Measure Description

This HVAC measure promotes the installation of packaged terminal air conditioners and heat pumps. This

measure could apply to the replacing of an existing unit at the end of its useful life or the installation of a

new unit in a new or existing building. The incentive is determined by two components: an equipment

incentive and an efficiency incentive, which are applied per ton of cooling installed.

10.2.3.4 Baseline Equipment Definition

Table 10-7: Baseline Equipment Efficiencies

Measure EERbaseSize Range (kBtuh)

10.69

10.68

10.22

9.64

7.0

8.0

10.0

12.9

Packaged Terminal AC

Packaged Terminal AC

Packaged Terminal AC

Packaged Terminal AC

10.2.3.5Efficient Equipment Definition

All packaged units must meet Air-Conditioning and Refrigeration Institute (AHRI) standards (210/240-

2008 or 340/360-2007), be UL listed and use a minimum ozonedepleting refrigerant (e.g., HCFC or

HFC). Equipment that meets the minimum qualifying efficiencies in Table 10-8 is eligible for an incentive

Equipment that exceeds the minimum qualifying efficiency for the equipment size category is eligible for

an efficiency incentive (added on a prorated basis).

Table 10-8: Minimum Qualifying Efficiencies

EERminMeasure Size Range (kBtuh)

11.01

10.79

10.37

9.75

7.0

8.0

10.0

12.9

Packaged Terminal AC

Packaged Terminal AC

Packaged Terminal AC

Packaged Terminal AC

Source:ASHRAE90.1 2004 Standards

I

I
I

10.2.3.6Unit Basis

This measure's savings and incremental measure cost are determined based on a "per kBtu/h" basis.
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mza7 Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200868.

10.2.3.8Incremental Measure Cost

The incremental cost per ton for this measure varies depending on the unit type, unit size, and unit EER
and includes the total material and labor costs. Incremental costs are based on DEER data. For details of
specific incremental cost calculations, refer to the MAS.

10.23.9Annual Energy Savings Algorl tnm

The following algorithm is used to estimate annual energy saving impacts per kBtu/h for this measure.
Numeric values for the variables can be found in Table 10-9.

1°***~-<-J..---.>*°'=
Where:

Akwh

EERbase

EERee

EFLH Energy savings per kBtu/h for this measure

Efficiency of the baseline equipment, expressed as EER

Efficiency of the efficient equipment, expressed as EER
Effective Full Load Hours

10.2.310 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per Btu/h for this
measure. Numeric values for the variables can be found in Table 10-9.

nI=iia..i.i.l..= I c- 1 I X Q

Where:

Coincident peak demand savings per kBtu/h for this measure

= Efficiency of the baseline equipment, expressed as EER

Efficiency of the efficient equipment, expressed as EER
Coincidence Factor

AKWooincident

E E R b a s e

E E R e e

C F

10.23. 11 Algorithm Input Values by Measure

For baseline values, refer to Table 10-7.

so htlp://www.deeresources.com/
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Table 10-9: Measure Lookup Values - Packaged Terminal Equipment

CFEERe»2 EFLHMeasure Type Incremental
Cost ($lunit)

Size Range

(kBtuh)

Avg. Unit
Size (kBtuh)

112

125

0.95

0.95

7.0

a.0

12.40 4588

12.20 4588

0.0-7.0

7. 1 -9.0

Packaged Terminal AC

Packaged Terminal AC

138

127

0.95

0.95

9.1-12.0

12.1+

11.75 4588

10.48 4588

10.0

12.9

Packaged Terminal AC

Packaged Terminal AC

10.2.4 Water-Cooled Chillers

10.2.4. 1 Applicability

Replace on Burnout and New Construction

10.24.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing

New Construction

Small Business

Schools

10.24.3 Measure Description

This HVAC measure promotes the installation of high-efficiency water-cooled chillers. This measure could

apply to the replacing of an existing unit at the end of its useful life or the installation of a new unit in a

new or existing building. The incentive is determined by two components: an equipment incentive and an

efficiency incentive, which are applied per ton of cooling installed.

1a2.4.4 Baseline Equipment Detinitlon

Table 10-10: Water-Cooled Chillers Baseline Equipment Efficiencies

SizeMeasure IPLVbase (kw/ton) F Abase (kW/ton)

Water-Cooled

Chillers

0.79

0.72

0.64

< 150 Tons

150-300 Tons

>300 Tons

0.71

0.64

0.57

Source: ASHRAE90.12004
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10.2.4.5 Efficient Equipment Definition

l

chiller must meet ARI standards 550/590-2003, be UL listed and use a minimum ozone-depleting
refrigerant (e.g., HCFC or HFC). The ARI net capacity value should be used to determine the chiller
tones. Chiller efficiency rating must be based on ARI Standard 550/590-2003 for IPLV Standard
Conditions and not based on full-load conditions. Equipment that meets the minimum qualifying efficiency
rating is eligible for an incentive. Minimum qualifying efficiency ratings for chillers are same with baseline
equipment efficiencies, for minimum qualifying efficiencies see Table 10-10. Equipment that exceeds the
minimum qualifying efficiency for the equipment size category is eligible for an efficiency incentive (added
on a prorated basis). For energy efficient equipment values, refer to the Table 10-11 .

14246` Unit Basis

This measure's savings and incremental measure cost are determined based on a "per ton" basis.

1az4. Effective Useful Life

This measure has an effective useful life of 20 years determined from DEER 200869.

1az4.8 Incremental Measure Cost

The incremental cost per ton for this measure varies depending on the unit type, unit size, and unit IPLV
and includes the total material and labor costs. Incremental costs are sourced from DEER 2008. For
details of specific incremental cost calculations, refer to the MAS.

10.2.4.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts per ton for this measure.
Numeric values for the variables can be found in Table 10-11.

e\.wlr=(llu4,,, -m.v¢,usl KIKIYIH
Where:

Akwh
leVee
IPLVbase
SF
F
EFLH

Energy savings for measure (in kph)
Integrated Part Load Value for the efficient chiller (kW/ton)
Integrated Part Load Value for the baseline chiller (kW/ton)
Sizing Factor
APLV to lPLV conversion factor
Effective Full Load Hours

as http://www.deeresources.com/
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10.24.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per ton for this
measure. Numeric values for the variables can be found in Table 10-11.

um.-.=uLn..-nsa,.aar at u
Where:

AkW¢»andaem

FLV»e

FLVbase

C F

S F

Coincident peak demand savings for this measure (in kw)
Full Load Value for the efficient chiller (kW/ton)
Full Load Value for the baseline chiller (kW/ton)
Coincidence Factor
Sizing Factor

10.24. 11 Algorithm Input Values by Measure

For baseline values, refer to Table 10-10.

Table 10-11: Measure Lookup Values - Water-Cooled Chillers

EFLH SFCFFLVSize IPLVQQacMeasure Type Incremental
Cost ($lton)

APLV-
IPLV

Factor (F)

300.680
0.82206 0.910.79 1 .044

<150
tons

Water-Cooled
Chillers

0.8

0.8

0.8

0.91

0.91

0.91

2206

2206

2206

1.071

1.027

1.033

0.77 0.622

0.75 0.573

0.71 0.436

0.565

92

142

258

82
0.80.9122060.72 1 .082

150300
tons

Water-Cooled
Chillers

0.8

0.8

0.8

0.8

0.8

0.8

0.8

0.91

0.91

0.91

0.91

0.91

0.91

0.91

117

132

178

221

233

323

23

1.059

1.053

1.048

1.047

1.071

1.017

1.004

2206

2206

2206

2206

2206

2206

2206

0.05

0.63

0.64

0.63

0.62

0.63

0.59

0.533

0.519

0.475

0.435

0.423

0.340

0.551>300
tons

Water-Cooled
Chillers

0.8

0.8

0.8

1.040

1.040

1 .044

0.91

0.91

0.91

2206

2206

2206

0.514

0.495

0.434

0.58

0.57

0.54

63

83
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0.91

0.91

0.91

2206

2206

2206

0.8

0.8

0.8

0.390

0.356

0.327

0.60

0.59

0.53

1.054

1.062

1.039

193

230

262

10.2.5 Air-Cooled Chillers

razal Applicability

Replace on Burnout and New Construction

1&2.52Appllcable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

10 .253 Measure Description

This HVAC measure promotes the installation of high-efficiency air-cooled chillers. This measure could
apply to the replacing of an existing unit at the end of its useful life or the installation of a new unit in a
new or existing building. The incentive is determined by two components: an equipment incentive and an
efficiency incentive, which are applied per ton of cooling installed.

1a2.5.4Baseline Equipment Definition

Table 10-12: Air-Cooled Chillers Baseline Equipment Efficiencies

Measure Size lPLVbasc (kw/ton) FLVbase (kW/ton)

< 150 Tons

2150 Tons

1.26

1.26

1.15

1.15
Air-Cooled Chillers

Air-Cooled Chillers

Source:ASHRAE90.12004

1aza5 Efficient Equipment Definition
i
I. Chiller must meet ARI standards 550/590-2003, be UL listed and use a minimum ozone-depleting

refrigerant (e.g., HCFC or HFC). The ARI net capacity value should be used to determine the chiller
tones. Chiller efficiency rating must be based on ARI Standard 550/590-2003 for IPLV Standard
Conditions and not based on full-load conditions. Equipment that meets the minimum qualifying efficiency
rating is eligible for an incentive. Minimum qualifying efficiency ratings for chillers are same with baseline
equipment efficiencies, for minimum qualifying efficiencies see Table 10-12. Equipment that exceeds the
minimum qualifying efficiency for the equipment size category is eligible for an efficiency incentive (added
on a prorated basis). For energy efficient equipment values, refer to the Table 10-13.
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1025 6 Unit Basis

This measure's savings, and incremental measure most are determined based on a "per ton" basis.

1025 7Effectlve Useful Life

This measure has an effective useful life of 20 years determined from DEER 200870.

10z5.8IncrementalMeasure Cost

The incremental cost per ton for this measure varies depending on the unit type, unit size, and unitIPLV
and includes the total material and labor costs. Incremental costs are sourced from DEER 2008. For
details of specific incremental cost calculations, refer to the MAS.

1(Z2i.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts per ton for this measure.
Numeric values for the variables can be found in Table 10-13.

aulalll-(ll1.vl,,,,, -nw.;¢! gums:
I Where:

Akwh
leVee
IpLvbase
SF
F
EFLH

Energy savings for measure (in kph)
Integrated Part Load Value for the efficient chiller (kW/ton)
Integrated Part Load Value for the baseline chiller (kW/ton)
Sizing Factor
APLV to IPLV conversion factor
Effective Full Load Hours

10.2510 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per ton for this
measure. Numeric values for the variables can be found in Table 10-13.

""ll'§llllillll:"(l15"il1II'l3'il@"il' Hz 5
Where:

AkWooincidenl

FLVQQ

F LVbase

C F

S F

Coincident peak demand savings for this measure (in kw)
Full Load Value for the efficient chiller (kW/ton)
Full Load Value for the baseline chiller (kW/ton)
Coincidence Factor
Sizing Factor

70 http://www.deeresources.com/
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10.2511 Algorithm Input Values by Measure

For baseline values, refer to Table 10-12.

Table 10-13: Measure Lookup Values - Air-Cooled Chillers

Size EFLH CF SFFLV¢¢ IPLV@eMeasure Type Incremental
Cost (S/ton)

APLV
IPLV

Factor

1.10 2161
1.20 1.03 0.92 0.a 29

<150
Tons

Air Cooled
Chillers

1.20

1.20

1.23

1.19

1.24

1.03

1.03

1.03

1.02

1.03

1.02

0.96

0.88

0.77

1.15

2161

2161

2161

2161

2161

0.92

0.92

0.92

0.92

0.92

0.8
08
0.8
0.8
0.8

74

107

146

212

38Air Cooled
Chillers

> 150
Tons

1.24

1.24

1.20

1.26

1.02

0.92

0.88

0.76

1.03

1.04

1.02

1.03

2161

2161

2161

2161

0.92

0.92

0.92

0.92

0.8

0.8

0.8

0.8

74

123

137

201

10.2.6 Economizers

10.26. 1 Applicability

Retrofit

10.26.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

10.za3 Measure Description

This HVAC measure promotes the installation of economizers on packaged cooling equipment. This
measure could apply to the installation of economizers on existing units or with purchase of new units in
new or existing buildings. The incentive is determined based on the capacity in tons of the cooling unit.
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162624 Baseline Equipment Definition

Baseline equipment for this measure is packaged cooling equipment with no economizers.

182.625 Efficient Equipment Definition

Economizers must be capable of automatically modulating between 5% and 95%.

fez d6° Unit Basis

This Measure's savings, and incremental measure cost are determined based on a "per ton" basis.

10262 7Effectfve Useful Life

This measure has an effective useful life of 15 years determined from DEER 2008".

10.ZbZ8Incremental Measure Cost

I
The incremental cost per ton for this measure varies depending on the unit type, unit size, and
economizer and includes the total material and labor costs. For details of specific incremental cost
calculations, refer to the MAS. .

10.26Z9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts per ton for this measure.
Numeric values for the variables can be found in Table 10-14.

.l
12MI}= sExIn..

Where:

Akwh
EERie
ESF
EFLH
12

Energy savings for measure (in kph)
Energy Efficiency Ratio for the efficient air-cooling unit (kW/ton)
Energy Savings Factor
Effective Full Load Hours
EER to kW/ton conversion factor

10.2.a10 Coincident Peak Demand Savings Algorithm

There are no expected coincident peak demand savings impacts for this measure given that economizer
savings are realized outside of the utility system peak.

" http://www.deeresources.com/
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m2a 11 Algorithm Input Values by Measure

Table 10-14: Measure Lookup Values - Economizers

EER, CFEFLHESFMeasure Type Average
Size

Inc rementa l
Co s t

($ lunit)

Economizers 11.73 9.27 8 0196910% 0.87

10.2. 7  Evap o ra t ive  Su b  co o l in g

P a z Z N Applicability

Retrofit

Paz ZN Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

10.273MeasureDescription

This HVAC measure promotes the installation of supplemental evaporative sub cooling system on new
cooling towers/heat exchanger or new evaporative fluid coolers to make existing air-cooled HVAC
equipment more efficient. This measure applies to the installation of new sub cooling units on new cooling
tower/heat exchanger or new evaporative fluid coolers.

10.2 z4Baseline Equipment Definition

Baseline equipment for this measure is new cooling tower/heat exchanger or new evaporative fluid
coolers with no sub cooling. Baseline EER is calculated as 9.01Btu/W-h.

10.2 z5Efficient Equipment Definition

Efficient equipment must be added between the existing direct expansion (DX) condenser and the
metering device. Efficient equipment must reject heat to a new cooling tower/heat exchanger or to a new
evaporative fluid cooler.

10.2. z6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined based on a "per ton"
basis.
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102z7 Effective Useful Life

This measure has an effective useful life of 15 years per Energy Innovation Group.

1a2 .Z8 Incremental Measure Cost

The incremental cost per ton for this measure varies depending on the unit type, unit size, and sub
cooling equipment and includes the total material, annual maintenance and labor costs. For details of
specific incremental cost calculations, refer to the MAS.

1az72.9 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts per ton for this measure.
Numeric values for the variables can be found in Table 10~15.

1 1
a u w n g n n w . - l " _ > x u x u m

Where:

Akwh

EERbase

EERee
EFLH
12

Energy savings for measure (in kph)

Efficiency of the baseline equipment, expressed as EER

Efficiency of the efficient equipment, expressed as EER
Effective Full Load Hours
EER to kW/ton conversion factor

10.2 z 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per ton for this
measure. Numeric values for the variables can be found in Table 10-15.

¢=»m .. . . . . . - < , , _ _ - , , ; _ _ _ » - = = = -  u v

Where:

AkWcoincident

EERbas e

E E R ee

C F

1 2

Coincident peak demand savings for this measure (in kw)

= Efficiency of the baseline equipment, expressed as EER

Efficiency of the efficient equipment, expressed as EER
Coincidence Factor
EER to kW/ton conversion factor

I
I
i

I
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10.2Z 11 Algorithm Input Values by Measure

Table 10-15: Measure Lookup Values - Evaporative Sub-Cooling

EFLH CFE ERb;le.¢ EERQMeasure Type
w/subcooling

Water Consumed
(gal/ton)

Ir\crclT\€K1lal
Cost ($/ton)

14.09.0 438 0.931902 828Sub cooling

10.2.8 Programmable Thermostats

1a2.8. 1 Applicability

Retrofit

10.28.2 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

10.28.3 Measure Description

This HVAC measure promotes the installation of programmable thermostat. This measure could apply to
the installation of a new unit in a new or existing building. The incentive is determined per unit basis.

10.2.8.4Baseline Equipment Definition

Baseline equipment for this measure is a non-programmable thermostat.

10.2.8.5Efficient Equipment Definition

Efficient equipment is a programmable thermostat with 7-day, 5-2, or 51-1 programming capability.

10.28.6 Unit Basis

This measure's savings, and incremental measure cost are determined based on a "per unit" basis. The
total annual savings of thermostats are determined based on a "per sq.ft." basis.

10.2827Effective Useful Life

This measure has an effective useful life of 11 years determined from DEER 200872.

12 http:I/www.deeresources.com/I
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faze Incremental Measure Cost

The incremental cost can be found in Table 10-16.

10.2.&9Annual Energy Savings Algorithm

Numeric values for the variables can be found in Table 10-16. Savings for programmable thermostats are
based on calibrated energy simulation modeling and thus presented as deemed savings. The total annual
savings of thermostats are determined based on a "per sq.ft." basis.

Gaza. 10 Coincident Peak Demand Savings Algorithm

Numeric values for the deemed savings values and the variables can be found in Table 10-16.

10.2.8. 11 Algorithm Input Values by Measure

Table 10~16: LookupValues-ProgrammableThermostat Measure

CFMeasure Type Energy Savings
(kWh/sq.ft.)

Incremental Cost
($/ton)

Building Area per
Thermostat (sq.ft.)

2.12 20401 ,264Programmable
Thermostats

10.2.9 HVAC Quality Installation

10.2.9. 1 Applicability

Replace on Burnout and New Construction

10.2.9.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»

»

»

>>

Large Existing
New Construction
Small Business
Schools

raz9.3 Measure Description

This HVAC measure promotes the quality installation of HVAC equipment and is split into two phases.
Phase I includes sizing, testing and repair activities. Phase ll involves sealing ducts based on the Phase I
test results. This measure could apply to the replacing of an existing unit at the end of its useful life or the
installation of a new unit in a new or existing building. The incentive is determined "per unit" basis, with
additional incentives for Phase ll based on the tonnage capacity of the unit.
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10.29.4Baseline Equipment Defini tion

Baseline definition for this measure is standard HVAC installation with no quality check.

1 az9 . 5Efficient Equipment Deffnltlon

O

Phase I
For systemsizing, contractor to use Air Conditioning Contractors Association (ACCA) standard
calculations and to provide documentation for:

Manual N for load estimation
o Manual CS for system selection

For Refrigerant Charge and Air Flow (RCAF):

o
o
O

Perform RCAG Testing
Correct refrigerant charge and/or air flow to meet the criteria in Table 10-17.
Supply all equipment pressures, sub cool and superheat readings, indoor (return) dry-
bulb and wet-bulb, outdoor ambient temperature, indoor coil temperature split and duct
static readings for return and supply duct.

Phase ll
For ducts outside the thermal envelope with leakage >25 CFM per ton or ducts outside the thermal
envelope with leakage >40CFM per ton:

Seal ducts until leakage is below 25 CFM per ton. Leakage of up to 60 CFM per ton is allowed for
major renovation projects where the ducts were not replaced.
Measure duct leakage before and after sealing to verify that required leakage targets were met.

Table 10-17: RCAF Criteria

CriteriaSystem Type

Advanced Tune-up
Testing Requirements

For Fixed Orifice
Systems

I

For systems with TXV

All

Outdoor temperature must be 55°F - 115°F for systems with R410A equipment..
Outdoor temperature must be 60°F - 115°F for systems with R22 equipment.
Indoor dry-bulb return air plenum must be between 70°F - 84°F during the test.
Indoor wet-bulb (return) must be 50°F or higher during the test.

+/- 5°F of Target Superheat
+ 3°F / -5°F of Target Temp Split

+/- 3°F of Target Sub cooling
+ 3°F / -5°F of Target Temp Split

Air flow 325 - 450 CFM per ton or

+ 3°F / -5°F of Target Temp Split between supply and return air

10296 Un i t Basis

This measure's savings and incremental measure cost are determined based on a "per unit" basis.
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10.2.9.7 Effective Useful Life
l

l

This measure has an effective useful life of 10 years for Phase I and 15 years for Phase ll determined
from the DEER 2008.

razes IncrementalMeasure Cost

The incremental cost per ton for this measure varies depending on the unit type, unit size and includes
the total material and labor costs. For details of specific incremental cost calculations, refer to the MAS.

10.Z9..9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impactsper ton for this measure.
Numeric values for the variables can be found in Table 10-18.

\11
4 lmuxavxlnn

Where:

Akwh
EER"
ESF
EFLH
12

Energy savings for measure (in kph)
Energy Efficiency Ratio for the efficient air-cooling unit (kW/ton)
Energy Savings Factor
Effective Full Load Hours
EER to kW/ton conversion factor

102.9. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per ton for this
measure. Numeric values for the variables can be found in Table 10-18.

Alill§i¢¢III ._;_=__...,..¢.
Where:

li99§\nunll1
IEERie

DSF
CF
12

Coincident peak demand savings for this measure (in kw)

Energy Efficiency Ratio for the efficient air-cooling unit (kW/ton)
Demand Savings Factor
Coincidence Factor
EER to kW/ton conversion factor

.
i
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1829. 11 Algorithm Input Values by Measure

Table 10-18: Measure Lookup Values - HVAC Quality Installation

CFDSF ESF EFLHEERMeasure Type Average
Size

Incremental
Cost ($/ton)

9.46

9.46

12.4

11.5

0.94

0.94

1845

1845

21

40

Phase 1

Phase 2

7%

11%

12%

11%

10.2.10 HVAC System Testing and Repair

1a2. 10. 1 Applicability

Retrofit

10.210.2Applicable Programs

This measure is applicable to Ape' Solutions for Business programs, which include:

>>

»

»

Large Existing
Small Business
Schools

10.2.70.3Measure Description

This HVAC measure promotes three different testing and repairing methods to be performed on existing
(DX) packaged or split system cooling units. This measure consist of 1) Advanced Diagnostic Tune-up, 2)
Economizer Repair and 3) Duct Test & Repair and could apply on an existing unit. The incentive is
determined "per unit" basis, with additional incentives for Duct Test and Repair based on the tonnage
capacity of the unit.

Advanced Diagnostic Tune-up
Advanced Diagnostic Tune-up consists of an air conditioning equipment performance test-in with
specialized program approved specialized test equipment, tune-up with repairs and a test-out. Refrigerant
charge and air flow verification, belt replacement, air alters change, condenser coil cleaning with a non-
acidic chemical, evaporator coil cleaning, cleaning condensate drain lines, electrical connections checked
and tightened, economizer functional testing, and any repairs needed to bring the system back to the
manufacturer's specifications.

Economizer Re air
Economizer repair is completed if economizer does not open or close under simulated cold or hot outdoor
temperatures. .

Duct Test & Repair
The Duct Testing & Repair measure uses diagnostic equipment to measure and repair duct leakage. The
first step is to perform "Duct Leakage Test In" to determine total leakage. If system leakage is greater
than 60 CFM per ton, seal ducts until leakage is below 60 CFM per ton or until leakage is reduced by
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20% of total fan Now. Measure duct leakage (Test Out) after sealing or repairing duct system using same
test procedure as the initial test to verify that the required leakage reduction is achieved.

10.210.4Baseline Equipment Definition

Baseline equipment for "Advanced Diagnostic Tuneup" measure is 2 ton and up existing DX packaged or
split systems with outdoor temperature 55°F or higher for systems with R410A refrigerant and 60°F or
higher for systems with R22 refrigerant.

Baseline for "Economizer Repair" measure is malfunctioning economizer that does not open or close
under simulated told or hot outdoor temperatures.

Baseline for "Duct Test & Repair" measure is ducts located in the "unconditioned" space.

10.210.5Efficient Equipment Definition

Efficient definition for "Advanced Diagnostic Tune-up" measure is the indoor return air plenum
temperature is 70°F or higher at the end of the test cycle.

Efficient definition for "Economizer Repair' is economizer functioning properly under simulated cold or hot
outdoor temperatures.

Efficient definition for "Duct Test & Repair" measure is ducts with 60 CFM per ton leakage or less.

10.2. 10.6 Unit Basis

This measure's savings, and incremental measure cost are determined based on a "per unit" basis.

10210. Effective Useful Life

This measure has an effective useful life of 5 years determined from the DEER 2008.

10.2.10.8Incremental Measure Cost

I
I The incremental cost per ton for this measure varies depending on the unit type, unit size, and

economizer and includes the total material and labor costs. For details of specific incremental cost
calculations, refer to the MAS.

10.21a9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts per ton for this measure.
Numeric values for the variables can be found in Table 10-19.

_ .l l t l l l l i '  1 2 X E !

Where:

Akwh Energy savings for measure (in kph)
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EERie
ESF
EFLH
12

Energy Efficiency Ratio for the efficient air-cooling unit (kW/ton)
Energy Savings Factor
Effective Full Load Hours
EER to kW/ton conversion factor

1a2. 10.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts per ton for this
measure. Numeric values for the variables can be found in Table 10-19.

1 :
I E I mm-_m.XWXa

Where:

4liIFa1lluau¢
EERie
DSF
CF
12

Coincident peak demand savings for measure (in kw)

Energy Efficiency Ratio for the efficient air-cooling unit (kW/ton)
Demand Savings Factor .
Coincidence Factor
EER to kW/ton conversion factor

I
I
I
I
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10.21a11 Algorithm Input Values by Measure

Table 10-19: Measure Lookup Values - HVAC Test and Repair

EER CFESF EFLHDSFMeasure Type Average
Size

Size
Range
(Tons)

Incremental
Cost

($lunit)

<6 7%4.60 7%8.93 1918 0.93 334
Advanced

Diagnostic Tune
Up (ADTU)

8.93

8.93

8.93

0.93

0.93

0.93

6-10.9

11-19.9

20+

7.95

14.63

22.35

7%

7%

7%

7%

7%

7%

489

718

977

1918

1918

1918

1918
8.934.56<6 0.935%5% 113

Economizer
(ECON)

6-10.9

11-19.9

20+

8.58

14.53

22.35

8.93

8.93

8.93

0.93

0.93

0.93

5%

5%

5%

5%

5%

5%

150

188

225

1918

1918

1918

1918
4.52<6 8.93 0.9311% 11% 1000

Duct Test and
Repair (DTR)

7.74

14.53

22.35

6-10.9

11-19.9

20+

8.93

8.93

8.93

11%

11%

11%

0.93

0.93

0.93

1918

1918

1918

11%

11%

11%

1327

1880

2287

10.2.11Western Cooling Control

10.211. 1 Applicability

Retrofit

10.2. 11.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»

»
»
»

Large Existing
New Construction
Small Business
Schools

1a2.11.3 Meas are Description

Refer to Section 3.2.5 for a full description of this measure, savings algorithms, and impact estimates.
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10.2.12 Smart Thermostats

10.2121 Applicability

Retrofit

10.2 122 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»

>>

»

»

Large Existing
New Construction
Small Business
Schools

10.2123 Measure Description and Impact Algorithms

Refer to Section 2.3 for a full description of this measure and the algorithms used for impact estimates.

10.2.124 Algori thm Input Descriptions

This section presents the algorithm input descriptions that are used to estimate impacts for non-
residential smart thermostats.

70.2. 12.5 Unit Size

The HVAC unit the thermostat is assumed to be controlling is 4.7 tons per thermostat. This value is based
typical unit size in APS territory for a small business, which is the most likely segment to deploy smart
thermostats.

1az126 Unit Efficiency

The assumed efficiency of the HVAC unit is a SEER 13.0, EER 11.0 air conditioner. This is the typical
efficiency of standard HVAC systems using recent federal standards.

1a2.12 7AIgori thm Input Values for Non-Residential Applications

Table 10-20 shows the savings factors for the energy and demand algorithms by measure. Table
10-21 compares the average energy consumption, average coincident demand, and incremental most
between the various measures.
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1

Table 10-20. Savings Factors for the Energy and Demand Algorithms by Measure Category

I
i Omer

"::'s1:'de":e
Factor

EcoFactor.
EnergyHub

Nest.
Honeywell

Ecobee

Additional Smart
Thermostat
Features

HVAC
Energy Use I

| Uri! | Baseline |

Size Ii I

Thermostat Model

4.70 7.5% 4.0%Energy*
10.8%9. 1

19
1266

kWh/ton

1.0Demand" 0.0670.18 kW13.
19

11 1 %1013.
15. 16 21

0.18 kW13. 0.18 kW 13.
- 19 19

* Energy savings are based on the various secondary sources available (see footnotes).
"Demand savings are based on the two secondary sources available (see footnotes).

Table 10-21: Energy Consumption, Coincident Demand, and Incremental Costs by Smart
Thermostat Measure Type

Measure Type Incremental
Cost ($lton)

Coincident
Demand Savings

(kW/unit)

Energy
Savings

(kWhlunit)

0.18 661 150

0.18 643 139

1120.18 446

0.07 85238

Smart Thermostat - Nest, Honeywell,

Ecobee

Smart Themlostat - Eco Factor,

Energy Hub

Smart Thermostat - Other

Manufacturer

Additional Smart Thermostat Features

(e.g. Nest's Seasonal Savings)"

10.2.13 Electronically Commutated Motors - HVAC

10.2. 1.11 Applicability

Retrofit

10.2.13.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»

»

Large Existing

New Construction

Small Business

Schools

pa These savings should be added to the savings from the smart thermostat if additional features are included in the installation .

Page 168
Technical Reference Manual
Arizona Public Sewioe Energy Efficiency Programs



NAVIGANT

10213.3 Measure Description

This HVAC measure promotes the replacement of standard-efficiency shaded-pole fan motor in the
existing HVAC unit (non-residential split or packaged AC unit) with ECM. The incentive is determined per
motor basis. .

1a21814 Baseline Equipment Definftfon

The baseline case refers to a standard-efficiency shaded pole fan motor in the existing HVAC unit. The
baseline parameters based on the HVAC unit size-range are provided in the Table 10-22.

Table 10-22: Baseline Equipment Efficiencies"

S/IEERb;l$8 EERbase HSPFbaseHVAC Unit Size-Range

7.7

11.3

11.15

11.0

13.0

11.2

10.8

10.5

10.9

10.9

10.8

10.1

s 65,000 Btu/h

65,000 .- 135,000 Btu/h

135,000 - 240,000 Btu/h

>_ 240,000 Btu/h

10.2. 135 Efficient Equipment Definition

The efficient case refers to a new ECM in an existing non-residential split or packaged AC unit.

10.213.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per motor" basis.

10.2. 13. 7 Effective Useful Life

This measure has an effective useful life of 20 years determined from professional judgment.

10.213.8 Incremental Measure Cost

The incremental cost includes the total material and labor costs, which are based on interviews with
industry experts and secondary sources. The incremental cost can be found in the Table 10-23.

" Baseline S/lEER values were derived from reviewing the lowest common efficiencies of "Active" units in the AHRI database for
each size category and comparing with manufacturer data
Baseline HSPF derived from COP sourced EERE Appliance Standards
(http://www1 .eere.energy.gov/buildingdapplianoe_standards/product.aspx/produclid/77)
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10.213.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in the Table 10-23.

Ml :[(.T.,_L- )==='=--+°-* ,.(,T;___.. _l,..,___4,.._.,__

Where:

Akwh

IEERbase

IEERee =
HSPFbase
HSPFee
EFLH¢¢wllng
EFLHheating
0.5
kBtuh/ motor

Energy savings for measure per motor (in kph)

Efficiency of the baseline HVAC unit

Efficiency of the efficient HVAC unit
Heating Seasonal Performance Factor
Heating Seasonal Performance Factor
Cooling Effective Full Load Hours
Heating Effective Full Load Hours
Proportion of heat pumps
Cooling capacity of each motor, based on Navigant's research. This
value is provided in the Table 10-23.

10.213. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in the Table 10-23.

4k1lim,¢¢,,-[("_.-l;*)xl!x€l1~klllls[m:l'
Where:

AkWcoincident

EERbase

EERie
CF
LF
kBtuh/ motor

Coincident peak demand savings per motor for this measure

Efficiency of the baseline equipment

Efficiency of the efficient equipment
Coincidence Factor = 0.9
Load Factor = 1.0
Cooling capacity of each motor, based on Navigants research. This
value is provided in the Table 10-23.

102.13. 11 Algorithm Input Values by Measure

The values presented in the following table are based on secondary research and historical participation
data for the Solutions for Business Program.

I
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Table 10-23. Measure Lookup Values - EC Motors Installed on HVAC Systems

EER EFLH. i kBtuhHSPFTier IEER. EFLH9:!.i.xMeasure

Size i
motor

Incremental
Cost

($/kBtu/h)

<65kBiu/h 14.5

12.7

11.a

11.6

8.5

11.6

2497

2497

227

227

29.7

54.3

511.2

511.9

1

065-

135kBtu/h

135-

240kBt0rn

2240kBtu/h

12.3

11.6

10.9

10.9

11.6

10.5

227

227

60.7

76.4

2497

2497

515.6

560.7

0

0

The values for energy, non-coincident demand, and coincident demand impacts are shown in Table

10-24..

Table 10-24. Energy and Demand Impacts for EC Motors Installed on HVAC Systems

Measure Size Annual Coincident Demand
Savings (kw per motor)

Annual Energy
Savings (kph per

motor)

Annual Non-Coincident
Demand Savings (kw per

motor)

0.15

0.26

0.13

0.23

631
1 ,445

<65kBtu/h

65-135kBtu/h

135-

240kBtu/h

2240kBtu/h

0.39

0.52

0.35

0.47

1710

2,441

0.33 0.291 ,557
Weighted

Average

I
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11. SOLUTIONS FOR BUSINESS - MOTORS

11.1 Algorithm Inputs

11.1.1Hours of Operation

Annual hours of operation for different measure types are derived from a combination of data from the
U.S. Department of Energy's (DOE) Benchmark Prototype ModeIs75, the EUDAP conducted by APS and
the Green Motors Practices Group76. Variations within measures are due to different operating conditions
for different buildings.

11. 1.2 Horsepower (HP)

HP is the rated horsepower of the energy efficient motor. For constant speed and uniformly loaded
motors, the prescriptive measurement and verification protocols described below apply for replacement of
old motors with new energy eMcient motors of the same rated horsepower. Horsepower values used in
estimating savings are derived from program implementation tracking data and on-site verification.

11.1.3HP to kph Conversion Factor

0.746 is the conversion factor between HP and kph.

11. 1.4 Baseline Full LoadEfficiency - ODP and TEFC (flbase)

The Flbase is the efficiency of the baseline motor. Efficiencies are based on NEMA premium efficiency
motor standards (see Table 11-1 ).

11.1.5 Efficient Full Load Efficiency l ODP and TEFC(flee)

The flee is the efficiency of the efficient motor. Efficiencies are based on nameplate data (see Table 11-2)
derived from program implementation tracking data and on-site verification.

11. 1.6Baseline Full Load Efficiency - Green Motor Rewind (Nrewind)

The Qrewind is the efficiency of the baseline motor. Efficiencies are based on the standard rewind
efficiencies.

11.1.7 Efficient Full Load Efficiency - Green Motor Rewind Applications(Naverage)

The l]average is the efficiency of the efficient motor. Efficiencies are based on the average of NEMA
premium efficiencies for each size of motors at different RPMs.

I.

75hlto;//www.enerqvcodes.qov/developmenlJcommerciaV90.1 models
is QualityMotor Rewinding an Energy Efficiency Measure established by the Green Motors Practices Group (GMPG)
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11. 1.8 Nominal Full Load Efficieney - VSD Applications (Nmotor)
The llmotof is the efficiency of the motor at the full-rated load. This can be either an energy efficient motor
or standard efficiency motor.

11. 1.9 Load Factor (LF)

The LF is the ratio between the actual load and the rated load. Values for load factor are based on review
of typical sizing calculations for commercial and industrial motor applications.

11.1.10 Coincidence Factor (CF)

The CF is the fraction of the peak demand of a population that is in operation at the time of APS' system
peak. Values for coincidence factor are based on review of typical load profiles for commercial and
industrial motor applications.

11.1. 11 Demand Savings Factor (DSF)

The DSF represents the percent savings over baseline energy demand. This value is based on a review
of typical load shapes for commercial and industrial motor applications. The savings factor is based on
fan/pump affinity laws that show motor power is proportional to the cube of motor speed.

11.1.12 Energy Savings Factor (ESF)
The ESF represents the percent savings over baseline energy consumption. This value is based on a
review of typical load shapes for commercial and industrial motor applications. The savings factor is
based on fan/pump affinity laws that show motor power is proportional to the cube of motor speed.

11.2 Me a s ure  Cha ra c te r iz a t ion

11.2.1 Open Drip-Proof (ODP) and Totally Enclosed Fan-Cooled (TEFC) Motors

11.21. 1 Applicability

Replace on Burnout and New Construction

11.21.2Appl icable Programs

This measure is applicable to Ape' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

11.2 1.3 Measure Description

This motor measure promotes the replacement of existing motors with threephase induction motors of
open drip-proof (open) and totally enclosed fan-cooled (closed) classifications. It is recommended to
consider matching water or air flows (GPM, CFM) of the existing pump or fan when installing energy
efficient motors that inherently have higher speeds (less slip) to increase energy savings. The measure
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incentives are based on the motor's Nominal Full Load Efficiencies that exceed the efficiency standards
based on the Table 11-1.

Table 11-1: Baseline Premium Motor Nominal Efficiencies

Size HP

3600

Totally Enclosed Fan Cooled (TEFC)

Speed (RPM)

18001200 36001200

Open Drip Proof (ODP)

Speed (RPM)

1800

82.50%
87.50%
88.50%
89.50%
89.50%
91.00%
91.00%
91 .70%
91 .70%

93.00%
93.00%
94.10%
94.10%
94.50%
94.50%
95.00%
95.00%
95.80%
95.80%

77.00%

84.00%

85.50%

85.50%

86.50%

88.50%

89.50%

90.20%

91 .00%

91 .70%

91 .70%

92.40%

93.00%

93.60%

93.60%

93.60%

94. 10%

94.10%

95.00%

85.50%

86.50%

86.50%

89.50%

89.50%

91 .70%

91 .70%

92.40%

93.00%

93.60%

93.60%

94. 10%

94.50%

95.00%

95.40%

95.40%

95.40%

95.80%

96.20%

77.00%

84.00%

85.50%

86.50%

88.50%

89.50%

90.20%

91.00%

91.00%

91.70%

91.70%

92.40%

93.00%

93.60%

93.60%

94.10%

95.00%

95.00%

95.40%

1 82.50% 85.50%

1 .5 86.50% 86.50%

2 87.50% 86.50%

3 88.50% 89.50%

5 89.50% 89.50%

7.5 90.20% 91 .00%

10 91.70% 91.70%

15 91 .70% 93.00%

20 92.40% 93.00%

25 93.00% 93.60%

30 93.60% 94. 10%

40 94.10% 94.10%

50 94. 10% 94.50%

60 94.50% 95.00%

75 94.50% 95.00%

100 95.00% 95.40%

125 95.00% 95.40%

150 95.40% 95.80%

2200 95.40% 95.80%
Source:NEMAPremium Ei71clencyMotorStandards

11.21.4 Baseline Equipment Definition

a

The baseline equipment assumes motors that meet the minimum efficiency allowed under the Energy
Independence and Security Act of 2007 (EISA). EISA requires that general purpose motors (subtype I)
from 1 to 200HP, inclusive, shall have a nominal full-load efficiency that is not less than as defined in
NEMA premium efficiency standards, refer to the Table 11-1.
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11.21.5Efficient Equipment Definition

The efficient equipment refers to threephase induction motors of open drip-proof (ODP) and totally
enclosed fan-cooled (TEFC) classifications. Efficiencies must exceed NEMA premium efficiency
standards and are based on program implementation tracking data.

11.21.6 Unit Basis

This measure's savings, and incremental measure cost are determined based on a "per HP" basis.

11.2.1. 7Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 2008".

11.21.8 Incremental Measure Cost

The incremental cost per HP for this measure varies depending on the motor type, motor HP, and motor
rpm and includes the total material. incremental costs are.based on manufacturer and retail data. For
details of specific incremental cost calculations, refer to the MAS.

11.2. 1..9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 11-2.

M l & = M i % x 1 _ 8 x . _ - M .

Where:

Akwh
0.746

l]base

flee
LF
OpHrs

Energy savings for measure (in kph)
HP to kph conversion factor
Nominal Full Load Efficiency of Baseline Motor

Nominal Full Load Efficiency of Efficient Motor
Load Factor
Hours of operation

11.2. 1.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts for this measure.
Numeric values for the variables can be found in Table 11-2.

*'~"------'="*&-.%>=="=°

" hmp:// .deereswrces.mm/
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Where:

W

l

Coincident peak demand savings for this measure (in kw)
HP to kph conversion factor

Nominal Full Load Efficiency of Baseline Motor

Nominal Full Load Efficiency of Efficient Motor

Load Factor
Coincidence Factor

AkWcoinc:ident

0 . 7 4 6

f l b a s e

f r e e

L F

C F

11.21. 11 Algorithm Input Values by Measure

For baseline values, refer to Table 11-1 .

Table 11-2: Lookup Values - Efficient Motors Measure

LF CFEFLHHPMeasure Incremental
Cost ($lHP)

Measure Sub-
category

Nominal Full
Load

Efficiency

0.950.8053841 86.0%1800 RPM
Open Drip Proof

(ODP)

ODP

I

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

5384

5384

5384

5384
5384

5384
5384

5384

5384

5384
5384

5384
5384

5384

5384

5384

095

095

095

095

095

ass

ass

085

095

095

095

095

095

095

095

095

1.5

2

3

5

7.5

10

15

20

25

30

40

50

60

75

100

125

87.0%

87.0%

90.0%

90.0%

91 .5%

92.2%

93.5%

93.5%

94. 1 %

94.6%

94.6%

95.0%

95.5%

95.5%

95.9%

95.9%

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

3.74

2.81

2.35

1.90

1.55

1.40

1.33

1.27

1.25

1.24

1.24

1.23

1.23

1.23

1.24

1.24

1.24

P a g e  1 7 6
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1800 RPM

1800 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

150

150+

1

1 .5

2

3

5

7.5

10

15

20

25

30

40

50

60

75

100

125

150

150+

1 .5

2

3

5

7.5

10

15

20

25

30

96.3%

96.3%

83.0%

87.0%

88.0%

89.0%

90.0%

90.7%

92.2%

92.2%

92.9%

93.5%

94. 1 %

94.6%

94.6%

95.0%

95.0%

95.5%

95.5%

95.9%

95.9%

84.5%

86.0%

86.0%

87.0%

89.0%

90.0%

90.7%

91 .5%

92.2%

92.2%

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

5384

5384

5384

5384

5384

5384
5384

5384

5384

5384

5384

5384

5384

5384

5384

5384

5384

5384
5384

5384

5384

5384

5384

5384
5384

5384
5384

5384
5384

5384
5384

080

080
080

080
(L80

OBO
630

080
080

080
080

080
080

Q80
080

080
080

080
080

080
080

080
080

080
080

080
080

080
080

080
080

1.24

1.24

1.89

1.69

1.62

1.60

1.67

1.79

1.89

2.06

2.19

2.28

2.35

2.46

2.53

2.58

2.64

2.70

2.74

2.77

2.80

4.30

3.25

2.73

2.22

1.84

1.67

1.60

1.55

1.53

1.53
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l

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

3600 RPM

5384

5384

5384

5384

5384

5384

5384

5384

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

40

50

60

75

100

125

150

150+

ODP

ODP

ODP

ODP

ODP

ODP

ODP

ODP

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

92.9%

93.5%

94.1%

94. 1 %

94.1%

94.6%

94.6%

95.5%

1.53

1.53

1.54

1.54

1.55

1.55

1.56

1.55

1800 RPM 1 5384 0.8086.0% 0.95
Totally Enclosed

Fan Cooled
(TEFC)

TEFC 1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1800 RPM

1200 RPM

1200 RPM

1200 RPM

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

1.5

2

3

5

7.5

10

15

20

25

30

40

50

60

75

100

125

150

150+

1

1 .5

2

87.0%

87.0%

90.0%

90.0%

92.2%

92.2%

92.9%

93.5%

94. 1 %

94.1%

94.6%

95.0%

95.5%

95.9%

95.9%

95.9%

96.3%

96.7%

83.0%

88.0%

89.0%

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

0.80

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5 3 8 4

5384

5 3 8 4

5 3 8 4

5 3 8 4

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

8.92

8.69

8.47

8.05

7.40

6.33

5.79

5.26

4.99

4.83

4.73

4.59

4.51

4.46

4.41

4.35

4.32

4.30

4.27

10.25

10.09

9.93
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1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM
1200 RPM

1200 RpM

1200 RPM

1200.RPM
1200 RPM

1200 RPM

1200 RPM

1200 RPM

1200 RPM
1200 RPM

3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM
3600 RPM

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

TEFC

3

5

75

10

15

20

25

30

40

50

60

75

100

125

150

150+

ms

2

3

5

75

10

15

20

25

30

40

50

60

75

100

5384
5384

5384
5384

5384

5384

5384

5384

5384
5384

5384
5384

5384
5384

5384
5384

5384

5384

5384
5384

5384
5384

5384

5384

5384
5384

5384
5384

5384
5384

5384

900%

9a0%»

915%

915%.

922%

9z2%.

955%

935%

946%

946%

950%

950%

955%

955%

953%

953%

845%

860%

810%

890%

9a0%

9Q7%

915%

915%

922%

922%

929%

935%

941%

941%

946%

080

080

080

use

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

080

0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95

963

905

853

768

679

633

604

585

559

544

533

522

541

504

499

493

708

607

542

446

423

446

447

422

427

432

439

445

449

454

459
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0.80

0.80

0.80

3600 RPM

3600 RPM

3600 RPM

5384

5384

5384

125

150

150+

0.95

0.95

0.95

95.5%

95.5%

95.9%

TEFC

TEFC

TEFC

4.62

4.65

4.68

11.2.2 Green Motor Rewind

11.221 Applicability

Retrofit

11.222Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»

»

Large Existing
Small Business
Schools

11.2.23 Measure Description

This motor measure promotes efficient practices for rewinding of failed motors to achieve the original
nameplate efficiency without replacing it.

11 .224Baseline Equipment Definition

The baseline equipment assumes standard rewind values are 0.5-0.7% less than the original nameplate
efficiencies based on review of motor rewind studies.

11.225 Efficient Equipment Definition

The efficient equipment is defined as the original nameplate efficiency of the rewound motor.

11.2.2.6 Unit Basis

This measure's savings and incrementalmeasure costs are determined based on a "per HP" basis.

11.2.27 Effective Useful Life

This measure has an effective useful life of 5 years determined from DEER 200878 and de-rated by 5
years to account for age of motor.

'° http://www.deeresources.com/
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11.228 Incremental Measure Cost

The incremental cost per HP for this measure are based on secondary sources and varies depending on

the motor type, motor HP, and motor rpm and includes the total material and labor costs. For details of

specific incremental cost calculations, refer.to the MAS.

11.2Z.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric

values for the variables can be found in Table 11~3.

1454998 1 - 1 8astiasllll

Where:

Akwh

0.746

f]rewind

flaverage

LF

EFLH Energy savings for measure (in kph)

HP to kph conversion factor

Standard rewind efficiency

Average of NEMA premium motor efficiencies

Load Factor

Equivalent Full Load Hours

17.22 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate coincident peak demand saving impacts for this measure.

Numeric values for the variables can be found in Table 11-3.

&El|l5||,1|"'i.1i40 x 1 - 1  y x l i x t i

Where:

AkWcoincident

0.746

f\rewind

flaverage

LF

CF

Coincident peak demand savings for this measure (in kw)

HP to kph conversion factor

Standard rewind efficiency

Average of NEMA premium motor efficiencies

Load Factor

Coincidence Factor
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11.2211 Algorithm Input Values by Measure

Table 11-3: Measure Lookup Values - Green Motor Rewind

LFEFLH CFHP Average
Efficiency

Incremental
Cost ($lHP)

Measure Sub-
category

Standard
Rewind
Derate

Standard
Rewind

Efficiency

92.6%

93.3%

93.5%

93.8%

94.1%

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

.50
60

75
100

125
150

200
300

400
500

600
700

800
900

1000

93.3%

93.9%

94.0%

94.3%

94.6%

95.0%

95.2%

95.3%

95.5%

95.7%

95.9%

96.0%

96. 1 %

96.4%

96.5%

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

0.68

4067

5329

5329

5329

5200

5200

5200

7186

7186

7186

7186

7186

7186

7186

7186

0.7%

0.6%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

0.5%

94.5%

94.7%

94.8%

95.0%

95.2%

95.4%

95.5%

95.6%

95.9%

96.0%

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

Motor Rewind

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

3.05

11.2.3 Variable Speed Drives (VSD)

11.23. Applicability

Retrofit and New Construction
I.I

11.2.8X2Applicable Programs .

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools
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11.23.3Measure Description

This measure promotes the installation of VSDs on existing motors to reduce energy use by regulating
the motor speed to match required loads Large amounts of energy savings are probable with small
reductions in the motor speed due to the non-linear relationship between speed and power based on
affinity laws.

11.2.3.4 Baseline Equipment Det7nltlon

The baseline equipment assumes motors with constant speeds and with no existing VSDs.

11.23.5 Efficient Equipment Definition

The efficient equipment refers to motors with VSDs and with permanently removed or disabled any
throttling devices such as inlet vanes, bypass dampers, or throttling valves.

71.2.3.5 Unit Basis

and incremental measure cost are determined on a "per HP" basis.This measure's incentive, savings,

11.23. 7 Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200879.

11.2.3.8 Incremental Measure Cost

The incremental cost per HP for this measure varies depending on the motor type, motor HP, and motor
rpm and includes the total material and labor costs determined from APS project invoices and the DEER
2008. For details of specific incremental cost calculations, refer to the MAS.

11.2.3.9Annual Energy Savings Algori thm

Energy savings and VSD hours of operation are based on metering data for a wide range of VSD
application types. The savings are based on the difference between metered consumption and the
assumed baseline of a motor running at full capacity during corresponding times. Impact estimates are
shown in Table 11-4.

11.2.3.10 Coincident Peak Demand Savings Algorithm

Coincident demand savings are based on metering data for a wide range of VSD application types. The
savings are based on the difference between metered consumption and the assumed baseline of a motor
running at full capacity during corresponding times. Impact estimates are shown in Table 11-4.

7° http://www.deeresources.oom/
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11123. 11 VSD Energy and Demand Savings by Application Type

Table 11-4 presents the non-coincident demand savings, coincident demand savings, and annual energy
savings per horsepower (hp) for various VSD applications.

Table 11-4: Measure Impact Values - VSD

VSD App l ica t ion Non-Co inc iden t
Demand  Sav ings

( k w lh p )

Co inc iden t
Demand Sav ings

(kw lh p )

Annual Energy
Sav ings

( k p h / h p )

2228

1458

1228

2309

523

772

966

2209

927

1807

3830

1477

1350

0.3400

0.3470

0.1570

0.3780

0.4580

0.0570

0.1850

0.1850

0.1850

0.1850

0.1458

0.1850

0.1960

0.3579

0.3653

0.1653

0.3979

0.4821

0.0600

0.1947

0.1947

0.1947

0.1947

0.1458

0.1947

0.2063

Chilled Water Pump

Condenser Water Pump

Domestic Water Pump

HVAC Fan

Cooling Tower Fan

Chiller Compressor

Process Motor

Air Compressor

Refrigeration Compressor

Refrigeration Fan

Pool Pumps** '

Other/Misc

Weighted Average

I
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12. SOLUTIONS FOR BUSINESS n REFRIGERATION

12.1 Algorithm Inputs

12.1.1Hours of Operation (OpHrs)
Annual hours of operation for different measure types vary depending on the equipment's application .
Values are based on engineering models and secondary literature reviews specific to commercial
refrigeration equipment.

12.1.2 Demand Interaction Factor (DIF)

The demand interaction factor is used to account for the fraction of the direct measure demand savings
that decrease (or increase) cooling load of a refrigerated system. Demand interaction factors for relevant
measure types were determined from engineering analysis.

12.1.3 Energy Interaction Factor (ElF)

The energy interaction factor is used to account for the fraction of the direct measure energy savings that
decrease (or increase) cooling consumption of a refrigerated system. Energy interaction factors for
relevant measure types were determined from engineering analysis.

12.1.4 Coincidence Factor(CF)
The CF is the fraction of the peak demand of a population that is in operation at the time of Aps' system
peak and is derived from engineering analysis or secondary literature review.

12.1.5Load Factor(LF)
The LF is the ratio of the actual load that a compressor or motor to the rated load of the equipment based
on nameplate power/capacity.

12.1.6 Demand Savings Factor (DSF)

TheDSF represents the percent savings over baseline energy demand. Values are based on engineering
models and secondary literature reviews specific to commercial refrigeration equipment.

12.1.7 Energy Savings Factor (ESF)

The ESF represents the percent savings over baseline energy consumption. Values are based on
engineering models and secondary literature reviews specific to commercial refrigeration equipment.

12.1.8 base Energy Consumption

Base energy consumption reflects annual energy consumption from baseline equipment before the
installation of controls or replacement with more efficient equipment. Depending on the specific measure,
this value may be applied on a different unit basis (e.g., kph per LF, kph per ton). Values are based on
engineering models and secondary literature reviews specific to commercial refrigeration equipment.
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12.1.9 Base Demand

Base demand reflects the highest load from baseline equipment before the installation of controls or
replacement with more efficient equipment. Depending on the specific measure, this value may be
applied on a different unit basis (e.g., kW per unit, kBtuh per LF). Values are based on engineering
models and secondary literature reviews specific to commercial refrigeration equipment.

12.1. 10 Base COP

The Base coefficient of performance (COP) refers to the efficiency for the baseline condition of a
commercial refrigeration system.

12.1.11 EE COP

The EE coefficient of performance (COP) refers to the efficiency for the efficient condition of a commercial
refrigeration system.

12. 1. 12 Duty Cycle (ac)
The duty cycle refers to the percent of time a compressor operates to meet the required cooling load.
Values are based on engineering models and secondary literature reviews specific to commercial
refrigeration equipment.

12.2 Measure  Charac te r iz a t ion

12.2.1 Anti-Sweat Heater Controls

12.2. 1. 1 Applicability

Retrofit

122. 1.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

122.1.3Measure Description

This refrigeration end-use measure promotes the installation of devices that sense the relative humidity in
the air outside of the display case, reduce or tum off the glass door (if applicable), and frame anti-sweat
heaters at low-humidity conditions.

122.1.4 BaselineEquipmentDefinition

The baseline case refers to a refrigerated display case that does not have anti-sweat heater controls.
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122. 1.5 Efficient Equipment Definition

The efficient case refers to a refrigerated display case that has anti-sweat heater controls.

1221.6' Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per linear foot"
basis for refrigerated display cases.

1221. Effective Useful Life

This measure has an effective useful life of 12 years determined from DEER 200880.

1221.8 Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-1 .

1221..9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-1 .

s\svaI\i=fusm..,,1amtn +95

Where:

Akwh
kWhnase
ESF
ElF

Energy savings for measure (in kph/LF)
Baseline Energy Usage per LF
Energy Savings Factor
Energy Interaction Factor

1221. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-1 .

ei.---~=

Where:

I

°° htlp://www.deeresources.com/
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Coincident peak demand savings for this measure (in kw/LF)
= Baseline Energy Usage per LF
Demand Savings Factor
Energy Interaction Factor
Coincidence Factor

AkWooinc=ident

k W h b a s e

D S F

E l F

C F

1221. 11 Algorithm Input Values by Measure

Table 12-1 . Measure Lookup Values - Anti-Sweat Heater Controls

ElFDSF ESF CFMeasure k Wh b a s c Incremental
Cost (5/LF)

1373.3 0.240.15 0.61Anti-Sweat Heater Controls $35.94

12.2.2 High-Efficiency Evaporator Fan Motors

1222.1 Applicability

Retrofit

1Z222 Appl icable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

12.2.23 Measure Description

This refrigeration end-use measure promotes the replacement of standard shaded-pole evaporator fan
motor in refrigerated display cases or fan coil in walk-ins with an electronically commuted motor (ECM) or
a permanent split-capacitor (PSC) motor.

1 2 2 2 .4 Baseline Equipment Definition

The baseline case refers to a refrigerated display case with a standard-efhciency shaded-pole evaporator
fan or fan coil with walk-ins.

122.25 Efficient Equipment Definition

The efficient case refers to a refrigerated display case with an ECM or PSC motor.I!
122.26Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per motor" basis.

P a g e  1 8 8
T ec hn i c a l  Re fe renc e  M anua l
Ar i zo n a  Pu b l i c  Se rvi c e  En e rg y Eff i c i e n c y Pro g ra m s



NAVIGANT

122.27Effective Useful Life

This measure has an effective useful life of 15 years determined from the DEER 200881.

122.28lncrementaI M easure Cost

The incremental cost for this measure varies depending on the fan motor type and includes the total
material and labor costs. Incremental mosts are based on interviews with industry experts and secondary
sources. Specific incremental costs for different motor types can be found in Table 12-2.

1 2 .2 2 9 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-2.

am-m...\mr°lnm=c1+m
Where:

Akwh
kWba8e

ESF
OpHrs
ElF

Energy savings for measure (in kph/LF)
Baseline Demand
Energy Savings Factor
Operating Hours
Energy Interaction Factor

722.210 Coincident Peak Demand Savings Algorithm

The following algorithm .is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12~2.

iWi:llnmanF-iiVu»iWF#(l+llil?i¢¢l'

Where:

AkWcoinddenl

abase
DSF

DIF

CF

Coincident peak demand savings for this measure (in kwlLF)
Baseline Demand
Demand Savings Factor
Demand Interaction Factor
Coincidence Factor

81 htlp://www.deeresouroes.oom/
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122211 Algorithm Input Values by Measure

Table 12-2. Measure Lookup Values - High Efficiency Evaporator Fan Motors

Measure CF DIF ElFkWb..>. DSF ESF OpHrs

l

Incremental
Cost

(S/motor)

67140.34 0.87 0.50.53 0.53 0.5 $171.58

0.34 67140.41 0.41 0.87 0.5 0.5 $141.86

High-Efficiency Evaporator Fan
Motors (EC)

High-Efficiency Evaporator Fan
Motors (PSC)

12.2.3 Hi-Efficiency Refrigerator

1223. 1Applicability

Replace on Burnout and New Construction

12232 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

122 .33 Measure Description

This refrigeration end-use measure promotes the replacement or installation of standard supermarket
reach-in refrigerated cases with ENERGY STAR-rated high-efficiency cases, which are designed with
components such as ECM evaporators and condenser fan motors, hot gas anti-sweaters or high
efficiency compressors. .

1223.4 Baseline Equipment Definition

The baseline case refers to a standard supermarket reach-in refrigerated case.

1223.5 Efficient Equipment Definition

The efficient case refers to an ENERGY STAR supermarket reach-in refrigerated case with components
such as ECM evaporators and condenser fan motors, hot gas anti-sweaters or high efficiency
compressors.

1223.6UnitBasis
I
I
I

This measure's incentive, savings, and incremental measure cost are determined on a "per refrigerator"
basis.
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1z2.a7 Effective Useful Life

This measure has an effective useful life of 15 years based on engineering judgment.

1ZZ3.8IncrementaI M easure Cost

The incremental cost for this measure varies depending on the number of refrigerator doors and includes
the total material and labor costs. Incremental costs are based on interviews with industry experts and
secondary sources. Specific incremental costs can be found in Table 12-3.

1Z23.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-3.

man=l=n,-ulnr

Where:

Akwh
kwhba$e
ESF

Energy savings for measure (in kph)
Baseline Annual Energy Usage
Energy Savings Factor

122.310 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-3.

*"*hn11aa"""**:],l'g§§l§"'ga

Where:

Coincident peak demand savings for this measure (in kw)
= Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
Coincidence Factor

AKWooincidenl

k W h b a s e

L F

D S F

C F

P a g e  1 9 1
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1223.11 Algorithm Input Values by Measure

Table 12-3. Measure Lookup Values - High Efficiency Refrigerators

LFCFMeasure DSF ESFkWhbzs
e

IncrementalI
Cost

(5/refrigerator)

0.15 0.15 0.87 0.60

0.17 0.17 0.87 0.80

0.16 0.16 0.87 0.60

1605.5

2497.6

2564.0

$10304

$153.47

$200.67

High-Efficiency Refrigerator (1 Door)

High-EfNciency Refrigerator (2 Door)

High-Efficiency Refrigerator (3 Door)

12.2.4 Hi-Efficiency Freezer

1224 1Applicability

Replace on Burnout and New Construction

1224.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

122.4.3Measure Description

This refrigeration end-use measure promotes the replacement or installation of standard supermarket
reach-in freezer cases with ENERGY STAR-rated high-efficiency cases, which are designed with
components such as ECM evaporators and condenser fan motors, hot gas anti-sweaters or high
efficiency compressors.

1224 .4 Baseline Equipment Definition

The baseline case refers to a standard supermarket reach-in freezer case.

12.2.4.5 Efficient Equipment Definition

The efficient case refers to an ENERGY STAR supermarket reach-in freezer case with components such
as ECM evaporators and condenser fan motors, hot gas anti-sweaters or high efficiency compressors.

12.2.4.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per freezer" basis.
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1224.7EffectiveUseful Life

This measure has an effective useful life of 15 years based on engineering judgment.

1 2 2 4 8 Incremental Measure Cost

The incremental cost for this measure varies depending on the number of freezer doors and includes the

total material and labormosts. Incremental costs are based on interviews with industry experts and

secondary sources. Specific incremental costs can be found in Table 12-4.

122-t9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric

values for the variables can be found in Table 12~4.

Mn-mb;,,aun

Where:

Akwh

kWhbase

ESF Energy savings for measure (in kph)
Baseline Annual Energy Usage
Energy Savings Factor

12.2.4. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this

measure. Numeric values for the variables can be found in Table 12-4.

_ we,"''""'*'Ilat53i5i5d ¥¥6

Where:

AkWcoincident

kWhbase

LF

DSF

CF

Coincident peak demand savings for this measure (in kw)

= Baseline Annual Energy Usage

Load Factor

Demand Savings Factor

Coincidence Factor
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1224. 11Algorithm Input Values by Measure

Table 12-4. Measure Lookup Values - High Efficiency Freezers

CFLFESFDSFMeasure kWhb.1s Incremental I
Cost

($lfreezer)

0.28 0.60 0.87

0.31 0.60 0.87

0.18 0.60 0.87

0.28

0.31

0.18

4612.7

7300.0

9606.5

$145.04

$225.26

$309.00

High-Efficiency Freezer (1 Door)

High-Efficiency Freezer (2 Door)

High-Efficiency Freezer (3 Door)

12.2.5 Hi-Efficiency Ice M aker

12251 Applicability

Replace on Burnout and New Construction

1 2 2 £2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»

»
»

»

Large Existing
New Construction
Small Business
Schools

122 .53 Measure Description

This refrigeration end-use measure promotes the installation of high efficiency air-cooled or water-cooled
icemakers with minimum capacity of 101 lbs of ice per 24-hour period. .

1 2 2 5 4 Baseline Equipment Definition

The baseline case refers to a standard air-cooled or water-cooled pacemaker.

12255Efficient EquipmentDefinition

The efficient case refers to an efficient air-cooled or water-cooled pacemaker that adheres to minimum
efficiency requirements per the Federal Energy Management Program guidelines and ENERGY STAR
guidelines for water-cooled and air-cooled icemakers, respectively.

12256Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per ice maker"
basis.
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12257Effective Useful Life

This measure has an effective useful life of 12 years determined from the DEER 200882.

122i8lncrementaI M easure Cost

The incremental cost for this measure varies depending on the minimum capacity of the ice maker and
includes the total material and labor costs. Incremental costs are based on interviews with industry
experts and secondary sources. Specific incremental costs can be found in Table 12-5.

12259AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-5.

¢ml,,
Where:

Akwh
kwhb8$€
ESF

Energy savings for measure (in kph)
Baseline Annual Energy Usage (per 100 lbs)
Energy Savings Factor

1 2 2 5 1 0 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-5.

su&.."...= =l=»r».... xnslwa. l.lfx9555. .

Where:

I
I

AkWooinddent

k W hnas e

L F

D S F

C F

Coincident peak demand savings for this measure (in kw)
= Baseline Annual Energy Usage (per 100 lbs)
Load Factor
Demand Savings Factor
Coincidence Factor

et http://www.deeresources.com/
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l
l

122511 Algorithm Input Values by Measure

Table 12-5. Measure Lookup Values - High Efficiency Ice Makers

LF CFDSF ESFMeasure kWhDau. Incremental
Cost ($/ice

maker)

0.818.60 0.19 0.19HiE Ice Makers - Air-Cooled - 0 to 100Ibs

0.80.14 0.144.63

$79.11

$1030.65HiE Ice Makers ¢ Air-Cooled ¢ 1001 to 1500lbS

0.8
7

0.8
7

0.80.19 0.1913.81HiE Ice Makers - Air-Cooled - 101 to 200lbs
0.8
7

0.17 0.17 0.89.61HiE Ice Makers - Air-Cooled - 201 to 300lbs

$158.05

$316.96

0.80.16 0.168.32HiE Ice Makers - Air-Cooled - 301 to 400Ibs

0.80.15 0.157.44HiE Ice Makers - Air-Cooled - 401 to 500Ibs

$407.40

$491.50

0.80.15 0.156.38HiE Ice Makers - Air-Cooled - 501 to 1000lbs

0.8
7

0.8
7

0.8
7

0.8
7

0.80.37 0.3713.98HiE Ice Makers - Water-Cooled - 0 to 100Ibs

$630.08

$27.960.8
7

0.84.22 0.07 0.07
0.8
7

0.37 0.37 0.810.91

HiE Ice Makers - Water-Cooled - 1001 to
2000IbS

HiE Ice Makers - Water-Cooled - 101 to 200Ibs

$987.62

$149.320.8
7

0.80.27 0.278.08HiE Ice Makers - Water-Cooled - 201 to 300lbs
0.8
7

0.87.15 0.21 0.21HiE Ice Makers - Water-Cooled - 301 to 400lbs

$342.88

$436.570.8
7

0.86.51 0.16 0.16HiE Ice Makers - Water-Cooled - 401 to 500lbs

0.80.13 0.135.73

$516.76

$638.06

0.6
7

0.8
7

HiE Ice Makers - Water-Cooled - 501 to
1000lbs

12.2.6 Strip Curtains

12281 Applicability

Retrofit
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122.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

122a3 Measure Description

This refrigeration end-use measure promotes the installation of new strip curtains or clear plastic swinging
doors on doorways of walk-in boxes and refrigerated warehouses to limit loss of conditioned air.

1226.4 Baseline Equipment Definition

The baseline case refers to walk-in boxes or refrigerated warehouses without strip curtains or clear plastic
swinging doors.

122.615Efficient Equipment Definition

The efficient case refers to walk-in boxes or refrigerated warehouses with strip curtains or clear plastic
swinging doors.

1226 .6 Unit basis

This measure's incentive, savings, and incremental measure cost are determined on a "per linear foot"
basis for walk-in boxes and refrigerated warehouses.

1.22.617 Effective Useful Life

This measure has an effective useful life of 4 years determined from the DEER 200883.

12.2.a8 Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-6.

122&9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-6.

so hnp:/ .deeresources.com/
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urn.-°""'=n|.x1nz|"" °

Where:

Akwh

BtUhbase

EER
ESF

OpHrs

Energy savings for measure (in kph/LF)
Case Load per Linear Foot (Btuh)
Refrigerated System EER
Energy Savings Factor
Operating Hours

1226110 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-6.

ll'111l1al111'"*"*'*||:x 1mlo'°""

Where:

AkWooinddenl

BtLlhbase

E E R

DSF

C F

Coincident peak demand savings for this measure (in kw/LF)
= Case Load per Linear Foot (Btuh)
Refrigerated System EER
Demand Savings Factor
Coincidence Factor

I 12.28 11 Algorithm Input Values by Measure

Table 12-6. Measure Lookup Values - Strip Curtains

EER DSF ESF CFMeasure BtUhbasc OpHrs Incremental
Cost(5/LF)

1300 8 67140.18 0.46 0.87 $43.35Strip Curtains

12.2. 7 Night Covers

122 ZN Applicability

Retrofit

12272 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»

Large Existing
New Construction
Small Business
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» Schools

12273 Measure Description

This refrigeration end-use measure promotes the installation of a cover on open vertical or horizontal
refrigerated case to decrease cooling loads.

122 z4 Baseline Equipment Definition

The baseline case refers to open vertical or horizontal refrigerated Cases.

122 z5 Efficient Equipment Definition

The efficient case refers to open vertical or horizontal refrigerated cases with an installed cover to reduce
cooling loads.

122.7.5 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per linear foot"
basis for refrigerated display cases.

122. z7 Effective Useful Life

This measure has an effective useful life of 5 years determined from the DEER 200884.

122. ZN Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-7.

122 ZNAnnualEnergy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-7.

441£Illli-n .§E!ElIF= a ¢ lR Q t u : m "

Where:

Akwh
Btuhuase

Energy savings for measure (in kph/LF)
Case Load per Linear Foot (Btuh)

I
I|

°' hltp://vvww.deeresources.oom/
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EER
ESF
OpHrs

Refrigerated System EER
Energy Savings Factor
Operating Hours

122 z 10Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-7.

-»~»----a-»-»-
Where:

Coincident peak demand savings for this measure (in kw/LF)
= Case Load per Linear Foot (Btuh)
Refrigerated System EER
Demand Savings Factor
Coincidence Factor

AkWcolrrddenl

Btllhbase

E E R

D S F

C F

12.2. Z 11 Algorithm Input Values by Measure

Table 12-7. Measure Lookup Values - Night Covers

Measure CFBtUhbase EER DSF ESF OpHrs Incremental
Cost ($lLF)

0.00 0.37 0.8781300 6714 $40.52Night CoversI
I
!

12.2.8 Reach-in Cooler Controls

122.8.1 Applicability

Retrofit

12Z8.2Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

12.2.8.3Measure Description

This refrigeration end-use measure promotes the installation of controls with passive infrared occupancy
sensors to turn off fluorescent lights and other refrigerated system when the surrounding area is
unoccupied for 15 minutes or longer.
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122824Baseline Equipment Definition

The baseline case refers to refrigerated systems without occupancy sensor controls.

1 2 2 8 5 Efficient Equipment Definition

The efficient case refers to refrigerated systems with occupancy sensor controls to tum of fluorescent
lights and other refrigerated systems when the surrounding area is unoccupied for 15 minutes or longer.

122 a6` Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per reach-in
cooler" basis for refrigerated systems.

f z z a 7 Effective Useful Life

This measure has an effective useful life of 12 years determined from the DEER 200885.

1228.8Incremental M easure Cost

The incremental cost for this measure includes the total material and labor costs Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 128.

122&9AnnuaI Energy Savings Algorithm

I..
The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-8.

auul»=ns!l»,.,.aalsr

Where;

Akwh

kWhbase

ESF

Energy savings for measure (in kph)
Baseline Annual Energy Usage
Energy Savings Factor

1228 . 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found .in Table 12-8.

as http://www.deeresouroes.com/
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au\1,.l,-l amla¢a'

Where:

Coincident peak demand savings for this measure (in kw)
Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
Coincidence Factor

AkW4:oinddent

kWhna=e

L F

D S F

C F

1228. 71Algorithm Input Values by Measure

Table 12-8. Measure Lookup Values - Reach In Cooler Controls

LFCFMeasure kWhbase DSF ESF Incremental
Cost

($/cooler)

4000 0.15 0.30 0.87 0.60Reach-in Cooler Controls $168.50

12.2.9 Vending Machine Controls

1229. 1 Applicability

Retrofit

1229.2 Applicable Programs

This measure is applicable to Aps Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

12.2.9.3 Measure Description

This refrigeration end-use measure promotes the installation of controls with passive infrared occupancy
sensors on beverage and snack machines to tum off fluorescent lights and other refrigerated system
when the surrounding area is unoccupied for 15 minutes or longer.

122.9.4 Baseline Equipment Definition

The baseline case refers to beverage and snack machines' refrigerated systems without occupancy
sensor controls.
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1229.5Efficient Equipment Definition

a

The efficient case refers to beverage and snack machines' refrigerated systems with occupancy sensor
controls to tum of fluorescent lights and other refrigerated systems when the surrounding area is
unoccupied for 15 minutes or longer.

1229.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per machine"
basis for refrigerated display cases.

1 2 2 .9 7 Effective Useful Life

This measure has an effective useful life of 12 years detemiined from professional judgment.

1 2 2 9 .8 Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 129.

1229.9 Annual Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-9.

8$h=&!1l1\1"itl§'

Where:

Akwh

kWhbase

ESF

Energy savings for measure (in kph)
Baseline Annual Energy Usage
Energy Savings Factor

1229. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-9.

..,..,,,,_,_., , . . , . . .

Where:

AkWcoinddent
kwhbm
LF

DSF Coincident peak demand savings for this measure (in kw)
Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
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Coincidence FactorCF

1229.11 Algorithm Input Values by Measure

Table 12-9. Measure Lookup Values - Vending Machine Controls

LFDSF ESF CFMeasure kWhhnse Incremental
Cost

(S/machine)

0.23 0.46 0.87 0.60

0.23 0.46 0.87 0.60

3500

700

Beverage Machine Controls

Snack Machine Controls

$192.50

$87.50

12.2. 10 FloatingHead Pressure Controls

122. 10. 1 Applicability

Retrofit

12210.2Appl icable Programs

This measure is applicable to Ape Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools|

i
I 12.2. 10.3Measure Description

This refrigeration end-use measure promotes the conversion of head pressure controls of an existing
multiplex system from fixed control to floating control to take advantage of low outdoor-air temperatures.

122.10.4 Baseline Equipment Definition

The baseline case refers to a multiplex system with fixed controls.

12210.5 Efficient Equipment Definition

The efficient case refers to a multiplex system with floating controls.

122. 10.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per ton" basis for
refrigerated display cases.
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122 107Effective Useful Life

This measure has an effective useful life of 15 years determined from an engineering case study of
refrigeration systems.

12210.8lncremental  Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-10. .

1221a.9Annual  Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-10.

un1,,,_:@
'°*""=elw=rm...

Where:

Akwh

kWhbase

ESF

Capacitybase

Energy savings for measure (in kWh/ton)
Baseline Energy Consumption
Energy Savings Factor
Baseline Capacity (tons)

12210. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-10.

- Alain~,,,,,>ins>ricl
M l ' ' ° " " " l 9 w l » d l » i = . . . x 8 ! 9

Where:

AkW<»ineaem
kwhb8s8

DSF

CF

Capacitybase

Coincident peak demand savings for this measure (in kW/ton)
Baseline Energy Consumption
Demand Savings Factor
Coincidence Factor
Baseline Capacity (tons)
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122. 10.11 Algorithm Input Values by Measure

Table 12-10. Measure Lookup Values - Floating Head Pressure Controls

DSF ESF CFMeasure kWhb:l1Q CapaCitybnse Incremental
Cost ($lton)

3.740.16 0.16 1.0042182 $92.95
Floating Head Pressure

Controls

12.2.11 Automatic Door Closer

122 11. 1 Applicability

Retrofit

12211.2Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

122 11.3 Measure Description

l This refrigeration end-use measure promotes the installation of a new device to automatically close the
main insulated door of an existing walk-in cooler or freezer.

12211.4 Baseline Equipment Definition

The baseline case refers to an existing walk-in cooler or freezer without a device to automatically close
the main insulated door.

i
I

I
I
I
I

12211.5 Efficient Equipment Definition

The efficient case refers to an existing walk-in cooler or freezer with a device to automatically close the
main insulated door.

12211.6` Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per unit" basis for
walk-in coolers or freezers.

122. 11. Effective Useful Life

This measure has an effective useful life of 10 years determined from an engineering case study of
refrigeration systems.
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12211.8 Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-11.

122. 11.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-11 .

u m!»&
Where:

Akwh
KWhbase
ESF Energy savings for measure (in kph)

Baseline Annual Energy Usage
Energy Savings Factor

12211. 10 Cofncident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-11 .

az1u1,,11,-1nu1gusau an

Where:

Coincident peak demand savings for this measure (in kw)
Baseline Demand
Demand Savings Factor
Coincidence Factor

AkWooincident
abase
DSF
CF

I
I

122 11.11 Algorithm Input Values by Measure

Table 12-11. Measure Lookup Values - Automatic Door Closer

Measure CFDSF ESFkWhba5e kWh;rse
I
I Incremental

Cost
($/unit)

4.82

1.77

42182

15524

Auto Door Closer walk In Cooler

Auto Door Closer - Walk In Freezer

0.08 0.08 1.00

0.23 0.23 1.00

$142.00

$142.00
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12.2.12Efficient Condenser

122121 Applicability

Replace on Burnout and New Construction

122122 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

122123 Measure Description

This refrigeration end-use measure promotes the installation of a new higher-efficiency refrigeration
condenser or replacement of an existing condenser with a higher~efficiency condenser.

122. 124 Baseline Equipment Definition

The baseline case refers to an existing Iowerefficiency refrigeration condenser or no condenser.

122 125 Efficient Equipment Definition

The efficient case refers to an existing walk-in cooler or freezer with a device to automatically close the
main insulated door.

12.2. 126 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per ton" basis for
refrigeration condensers.

\122127 Effective Useful Life

I

I
I
II

I
I

I

i
I

This measure has an effective useful life of 10 years determined from an engineering case study of
refrigeration systems. .

1 2 2 128Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-12.

122.129AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-12.
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Blk;-
'°"""n=»--=\u»...
Where:

Energy savings for measure (in kWh/ton)
Baseline Energy Consumption
Energy Savings Factor
Baseline Capacity (tons)

Akwh

kWhnase

ESF

Capacitynase

12212 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-12.

n n n m z a

MElhFaIl"!d')ww
Where:

Coincident peak demand savings for this measure (in kW/ton)
Baseline Energy Consumption
Energy Savings Factor
Coincidence Factor
Baseline Capacity (tons)

AkWoolnddenl

kWhbase

E S F

C F

Capac itynase

122. 1211 Algorithm Input Values by Measure

Table 12-12. Measure Lookup Values - Efficient Condenser

CFMeasure kWhbzls»2 Capac i ty bl ESF Incremental
Cost ($/ton)

127120000Efficient Condenser $39.470.28 1.00

12.2. 13 Efficient Compressors

122. 13. 1 Applicability

Replace on Burnout and New Construction

12213.2Appllcable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

>>

»

Large Existing
New Construction
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»

»

Small Business
Schools

12213.3 Measure Description

This refrigeration end-use measurepromotes the replacement of existing hermetically sealed
compressors with a more efficient compressor unit.

12213.4 Baseline Equipment Definition

The baseline case refers to an existing hermetically sealed compressor.

12213.5 Efficient Equipment Definition

The efficient case refers to a more efficient compressor.

12213 6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per ton" basis for
compressors.

12213.7Effective Useful Life

This measure has an effective useful life of 15 years determined from an engineering case study of
refrigeration systems.

12213.8lncremental Measure Cos t

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs can be
found in Table 12-13.

122.13.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 12-13.

i&klll==-|%xlm -  , . _ _ ;l , . , , , . , , . .

Where:

Akwh

COPuase

COPEE

DC

Energy savings for measure (in kWh/ton)
Baseline Efficiency (COP)
EE Efficiency (COP)
Duty Cycle
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l

12213.10 Coincidenf Peak Demand Savlngs Algorithm 1
l

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 12-13.

I Ire Lnr. ,.(,_;=-.__l....
Where:

AKWcoinddent

COPbase

COPEE

D C

Coincident peak demand savings for this measure (in kW/ton)
Baseline Efficiency (COP)
EE Efficiency (COP)
Duty Cycle

1221&11 Algori thm Input Values by Measure

Table 12-13. Measure Lookup Values - High Efficiency Compressor

Measure DCCOPbase COPEE Incremental
Cost (S/ton)

2.15

2.15

1.67

2.55

4.14

1.20

1.88

1.63

1.37

2.35

3.42

1.00

0.40

0.66

0.65

0.50

0.66

0.70

$105.60

$220.00

$180.00

$88.00

$147.44

$1511 .36

HiE Compressor - Bev Merchandiser

HiE Compressor - Food Service Equip

HiE Compressor - Freezer

HiE Compressor - Refrigerator

HiE Compressor - walk In Cooler

HiE Compressor - Walk In Freezer
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13. SOLUTIONS FOR BUSINESS PROGRAM ENVELOPEI
CONTROLS/MISCELLANEOUS

13.1 Algorithm Input Descriptions

13.1. 1 Hours of Operation

The hours of operation is defined as the total number of hours that equipment is in operation. Annual
hours of operation for different measure types are derived from a combination of data from the U.S.
Department of Energy's (DOE) Benchmark Prototype ModeIs"5 and the EUDAP conducted by Ape.
Variations within measures are due to different operating conditions for different buildings.

13.1.2 Load Factor (LF)

The LF is the ratio of maximum operating power or capacity of a measure to its nameplate power or
capacity. Values are based on engineering models and secondary literature reviews specific to each
measure.

13. 1.3 Coincidence Factor (CF)

The CF is the fraction of the peak demand of a population that is in operation at the time of Aps' system
peak. Values are based on engineering models and secondary literature reviews specific to each
measure.

13.1.4 Demand Savings Factor (DSF)

The DSF represents the percent savings over baseline energy demand. This value is based on a review
of typical load shapes for commercial and industrial measure specific applications.

13.1.5 Energy Savings Factor (ESF)

The ESF represents the percent savings over baseline energy consumption. This value is based on a
review of typical load shapes for commercial and industrial measure specific applications.

I

I

i ashllp;//wwwenerqvcodes.qov/development/commercial/90.1 models

I

I
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13. 1.6 Demand Interaction Factor (DIF)

The Demand Interaction Factor (DIF) accounts for interactive effects between PC demand and HVAC
demand so that the estimated PC demand savings are the savings at the PC plug Source in addition to
any electrical savings at the cooling system.

13. 1. 7 Energy Interaction Factor (ElF)

The Energy Interaction Factor (ElF) accounts for interactive effects between PC energy consumption and
HVAC energy consumption so that the estimated PC energy savings are the savings at the PC plug
source in addition to any electrical savings at the cooling system.

13. 1.8 Coefficient of Performance (COP)

The coefficient of performance (COP) of a heat pump is a ratio of cooling provided to electrical energy
consumed.

13.1.9 Modified Energy Factor (MEF)87

The modified energy factor is an equation that takes into account the amount of dryer energy used to
remove the remaining moisture content in washed items, in addition to the machine energy and water
heating energy of the washer. MEF is the energy performance metric for ENERGY STAR qualified clothes
washers. The higher the MEF, the more efficient the clothes washer is.

13.1. 10 Aiyustment Factor (Smart Strips)

Adjustment factors have been applied to the savings estimates for smart strips to account for units
used/installed in such a way that typical savings will not be achieved.

13.1.11 Smart Strip Incremental Energy Use

The incremental energy use consumed by the smart strip.

13.2 Measure  Charac te r iz a t ions

n
E

.

13.2.1 High Performance Window Glazing

13.2 1. 1Applicability

New Construction

Glh // r |. in r1a1/23002/23018/ rticleFold r/ / C I h .. sh r
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13.21.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

1.221.3 Measure Description

This measure promotes the installation of high perfomlance Windows and glass doors with any
combination of glazing, coating, internal film and gas filling that meets the specified U-factor and Solar
Heat Gain Coefficient (SHGC).

13.21.4Baseline Equipment Definition

The baseline condition is a window with clear glazing, double pane, air filled, no coating and with U-factor
= 0.5 and SHGC : 0.5.

13.2. 1.5 Efficient Equipment Definition

Efficient equipment is a window with any combination of glazing, coating, internal film and gas filing that
meets U-factor s 0.32 and SHGC s 0.40.

13.2.1.6Unit Basis

This measure's incentive, savings and incremental measure cost are determined based on a "per sq ft of
window area" basis.

13.21. 7Effective Useful Life

This measure has an effective useful life of 20 years.

13.2.1.8 Incremental Measure Cost

The incremental cost per sq ft for this measure varies depending on the unit type, unit size and includes
the total material and labor costs. Incremental costs are based on participating contractor interviews and
review of program invoices. For details of specific incremental cost calculations, refer to the MAS.

I 13.21.9Annual Energy Savings Algorithm

Numeric values for the variables can be found in Table 13-1. Energy savings for high performance
Windows glazing are based on historical participation data and energy simulation modeling and are
presented as deemed savings. The total annual savings of high performance Windows glazing are
determined based on a "per sq ft" basis.
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13.21.10 Coincident Peak Demand Savings Algorithm

Numeric values for the variables can be found in Table 13-1. Coincident demand savings for high
performance Windows glazing are based on historical participation data and energy simulation modelling
and are presented as deemed savings. The total annual coincident demand savings of high performance
WindowS glazing are determined based on a "per sq ft" basis.

1.12 1.11 Algorithm Input Values by Measure

Table 13-1: Measure Lookup Values - High Performance Glazing

Measure Type Incremental Cost
(S/sq ft)

Annual Demand Savings
(kWlsq ft)

Annual Energy Savings
(kWh/sq ft)

2.340.00163.6High Performance
Glazing

13.2.2 Smart Strips

1a22. 1 Applicability

Retrofit

13.2.22 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

13.223 Measure Description

This appliance measure promotes the installation of plug-load smart strips to control electricity using
equipment in offices or cubicles, including lighting, monitors, shared copiers, and/or printers.

13.2.2.4Baseline Equipment Definition

Baseline equipment is a standard power strips that does not control for occupancy or load. Baseline
energy consumption estimates are based on analysis of various configurations of desktop office
equipment and usage patters. Table 13-2 displays the assumed baseline equipment load for various
numbers of outlets.

I

I
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Table 13-2: Smart Strip Baseline Input Values

SizeMeasure Type Number of Smart Strips Base Energy (kWh/outlet)

1

1

1

1

1

1

8-outlet

6-outlet

7-outlet

8-outlet

10-outlet

8-outlet

634.3

634.1

634.3

671.1

769.9

634.3

Occupancy Sensor

Load Sensor

Load Sensor

Load Sensor

Load Sensor

Timer Plug

1.32225Efficient Equipment Definition

The efficient equipment definition can be one of three smart strip types:

• OccupancySensor: Passive infrared and/or ultrasonic detectors for plug-load office
equipment.
LoadSensor: Loadsensing smart plug strips detecting a drop incurrent when a control
deviceenters low-power mode. .
Timer Plug: Timer plug that can tum equipment on and off based on programmable
timer. This device should be used on equipment that requires a long warm-up.

13.2.26Unit Basis

This measure's incentive, savings and incremental measure cost are determined based on a "per unit"
basis.

13.2.2. 7 Effective Useful Life

This measure has an effective useful life of 12 years determined based on information in "Final Report
Electronics and Energy Efficiency: A Plug Load Characterization Study."

13.22.8lncrementaI Measure Cost

The incremental cost per sensor for this measure varies depending on the outlet type that the sensor is
installed on. For details of specific incremental cost calculations, refer to the MAS.

13.2.2.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 133. Please refer to Table 13-2 for baseline energy
consumption.

.{IWII"(l9llm1_n M M -

Where:
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Akwh

KWhbase

kWhee

AF

IEU

Energy savings for measure (in kph)

Baseline equipment energy consumption

Efficient equipment energy consumption, after smart strip installation

Adjustment Factor

Smart Strip Incremental Energy Use

13.2.2.10 Coincident Peak Demand Savings Algorithm

Assuming that most smart strips are poweredduring the coincident peak, there are no expected

coincident peak demand savings impacts for this measure.

1812211Algorithm Input Values by Measure

Please refer to Table 13-2 for baseline energy consumption.

Table 13-3: Measure Lookup Values - Smart Strip

Size CFAFMeasure Type EE Energy
(kWh/outlet)

Incremental
Cost ($lunit)

Number
of Smart

Strips

Incremental
Energy
Usage

(kwhloutlet)

1

1

8»outlet

6-outlet

Occupancy Sensor

Load Sensor

14.0

14.0

0.0

0.0

0.7

0.8

371.4

497.1

79.00

24.00

1

1

500.4

514.4

7outlet

8-outlet

0.0

0.0

14.0

14.0

Load Sensor

Load Sensor

0.8

0.8

23.50

21.00

1

1

10-outlet

8-outlet

564.1

351.1

0.8

0.8

0.0

0.0

t4.0

14.0

21.00

8.00

Load Sensor

Timer Plug

13.2.3 Shade Screens

13.23. 1 Applicability

Retrofit

13.2.3.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

I
i
I

»
»
»
»

Large Existing

New Construction

Small Business

Schools
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13.2.3.3Measure Description

This measure promotes the addition of emerior physical shading screens to Windows.

13.2.3.4Baseline Equipment Definition

The baseline definition is a window with no exterior shading screens.

13.23.5 Efficient Equipment Definition

The efficient definition is a window with exterior shading screens with shading coefficient equal to .30 or
less at a thirty-degree profile angle.

13.23.6 Unit Basis

This measure's incentive, savings and incremental measure cost are determined based on a "per sq ft"
basis.

13.Z8'.7Effective Useful Life

This measure has an effective useful life of 10 years determined from DEER 200888.

1.12.38 Incremental Measure Cost

The incremental cost per sq ft for this measure varies depending on the unit type unit size and includes
the total material and labor costs. Incremental costs are based on participating contractor interviews and
review of program invoices. For details of specific incremental cost calculations, refer to the MAS.

13.Z8'.9AnnuaI Energy Savings Algorithm

Numeric values for the variables can be found in Table 13-4. Energy savings for shade screens are
based on energy model simulations and thus presented as deemed savings. The total annual savings of
shade screens are determined based on a "per sq ft" basis.

13.2.3.10 Coincident Peak Demand Savings Algorithm

Numeric values for the variables can be found in Table 13-4. Coincident demand savings for shade
screens are based on energy model simulations and thus presented as deemed savings. The total annual
coincident demand savings of shade screens are determined based on a "per sq ft" basis.

ahhtlp://www.deeresources.com/
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13.2311 Algorithm Input Values by Measure
1

iTable 13-4: Measure Lookup Values - Shade Screen

Incremental Cost
($/sqft)

Annual Demand Savings
(kWlsqft)

Annual Energy Savings
(kph/sqft)

Measure
Type

4.130.00421.14
Shade

Screens

13.2.4 PC Management Software

13.241 Applicability

Retrofit

13.24.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

13.2.4.3Measure Description

This controls measure promotes the installation of computer power management software to allow
computers to be put into low-power settings during appropriate hours.

13.2.4.4 Baseline Equipment Definition

Computers or laptops without computer power management software.

13.2.4.5 Efficient EquipmentDefinition

Computers or laptops with computer power management software that automatically controls the power
settings of networked personal computers at the sewer level. The software is also capable of managing
power consumption for each individual PC and reporting energy savings results.

13.Z4.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined based on a "per
personal computer" basis.

13.24.7Effective Useful Life

This measure has an effective useful life of 4 years assumed to be equal to a typical computer life.

I
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1.124.8lncrementaI Measure Cost

The incremental cost per PC for this measure varies depending on the unit type and includes the total
software and labor costs. Incremental costs are based on manufacturer data. For details of specific
incremental cost calculations, refer to the MAS.

13.Z49AnnuaI Energy Savings Algorithm .
4

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 13-5.

um-muv ng-img

Where:

Akwh
We;
ElF

Energy savings for measure (in kph)
Constant, Energy saved per PC (kph)
HVAC Energylnteraction Factor

13.2.4. 10 CoincidentPeak Demand Savings Algorithm

The following algorithm is used to estimate annual demand saving impacts for this measure. Numeric
values for the variables can be found in Table 13-5. Coincident demand savings are assumed to be zero
as savings are assumed to be off peak for this measure.

4=rwa....=rm.. a¢ttl1+ml) nu

Where:

AkW<»an¢i<renl

lm...
D I F

C F

Coincident peak demand savings for this measure (in kw)
Constant, Power saved per PC (kW)

HVAG Demand Interaction Factor
Coincidence Factor

I

i 13.24.11 Algorithm Input Values by Measure

Table 13-5: Measure Lookup Values - Computer Power Management

CFMeasure Type Power
Saved pa'

Incremental
Cost (Subunit)

.  k W: r ~
4

Energy
Saved per
==c: (kw!

HVAC
Interaction

Facto*

(Energy)

HVAC
Interaction

£8CtC"
(Demand)

243.3

100.37

0.132

0.018

17%

17%

20%

20%

0.0

0.0

12.14

12.14

Computer PM

Laptop PM

Source: Energy Star
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13.2.5 Heat Pump Domestic Hot Water Heater

13.2.51 Applicability

Replace on Burnout and New Construction

13.252 Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Sd100ls

132253MeasureDescription

This appliance measure promotes the replacement of existing electric domestic hot-water heater with a
heat pump domestic hot»water heater.

13.2.54 Baseline Equipment Definition

Table 13-6 presents the efficiencies of baseline water heaters and the assumed annual energy
consumption of baseline units.

Table 13-6: Heat Pump Water Heater Baseline Energy Efficiencies

Measure Type Baseline EE Baseline Energy (kWh/tank)

Full Service Restaurant HPWH 86%

Quick Service Restaurant HPWH 86%

11,589

12,030

Full Service Restaurant HPWH 86%

Quick Service Restaurant HPWH 86%

11,589

12,030

I
13.255 Efhclent Equipment Definition

The efficient case is a heat pump hot water heater with a COP of 2.35 or greater.

13.256Unlt 8asis

This measure's incentive, incremental measure cost, and savings are determined based on a "per
unit/tank" basis.
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13.257 Effective Useful Life
l

This measure has an effective useful life of 13 years.

13 .258 Incremental Measure Cost

The incremental cost per HPWH for this measure varies depending on the unit type. Incremental costs
are based on ENERGY STAR and ACEEE data. For details of specific incremental cost calculations, refer
to the MAS.

13.2.i.9Annua1 Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 13-7.

wv\»=t\w.....-wni..a
Where:

AKWh

KWhbase

kWhee

Energy savings for measure (in kph)
Baseline equipment energy consumption per tank
Efficient equipment energy consumption per tank

13.2.510 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual demand saving impacts for this measure. Numeric
values for the variables can be found in Table 13-7.

l4l"!llamlum=
mis..-ml.;

ass x i

Where:

AKWcoirlcidenl

k W h b a s e

k w h e ¢
3 6 5

C F

Coincident peak demand savings for this measure (in kw)
Baseline equipment energy consumption per tank
Efficient equipment energy consumption per tank
Number of days in a year
Coincidence Factor

P a g e  2 2 2
T ec hn i c a l  Re fe renc e  M anua l
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13.25111 Algorithm Input Values by Measure

Table 13-7: Measure Lookup Values - Heat Pump Water Heater

CFMeasure Type EE Energy
(kwhnank)

COP
Range

Water Tank
Capacity (gal)

Incremental
Cost ($lunit)

EE
Efficiency

80 19100.044241235%
Z 2.35

and < 2.5

Full Service
Restaurant

HPWH

80 4402235% 0.04 19102 2.35
and < 2.5

Quick Service
Restaurant

HPWH

802 2.5 251% 3971 0.04 2777

2 2.5 412280 27770.04251%

Full Service
Restaurant

HPWH

Quick Service
Restaurant

HPWH

13.2.6 Coin Operated Laundry

13.2.611 Applicability

Replace on Burnout and New Construction

112¢i2Applicable Programs

This measure iS applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

1326.3 Measure Description

I.
This appliance measure promotes the replacement of existing clothes washers with energy efficient
clothes washers.
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132614 Baseline Equipment Definition

Table 13-8 displays the baseline condition assumptions for coin-operated clothes washers.

Table 13-8.CoinOperatedClothes WashersBaseline Assumptions

Base Energy (kWh/year) MEFbasc (ft3IkWh)Measure Type

1 .261319

1.261319

CEE Tier 1/Energy Star

CEE Tier2

1 .261319CEE Tier 3

1.26CEE Tier 4 1319

Source:Consortium for Energy Efficiency

13.za5 Efficient Equipment Definition

Efficient equipment is clothes washers with efficiency ratings specified by the corresponding Consortium
for Energy Efficiency tiers.

13.za6 Unit Basis

This measure's incentive incremental measure cost, and savings are determined based on a "per unit."

13.2.Ii 7 Effective Useful Life

This measure has an effective useful life of 11 years determined based on DOE Energy Star calculator.

13.2.618 Incremental Measure Cost

The incremental cost per clothes washer for this measure varies depending on the unit type, unit
capacity. Incremental costs are based on manufacturer data. For details of specific incremental cost
calculations, refer to the MAS.

13.2.&9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy savings impacts for this measure. Numeric
values for the variables can be found in Table 13-9.

=~'~"--'='~=--~*=*-%>

W here:

A k wh

kWhbase

Energy savings for measure (in kph)
Baseline equipment energy consumption per unit

I.
I
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MEFbase

MEFee

Modified energy factor for baseline equipment (in frvkwh)
Modified energy factor for efficient equipment (in ft°/kWh)

13.2810 Coincident Peak Demand Savings Algori thm

The following algorithm is used to estimate annual demand saving impacts for this measure. Numeric
values for the variables can be found in Table 13-9.

%"'>_,
m-=o-

Hi|'¢||oln' as

Where:

AkWodnddenl

KWhbase

MEFbase

MEFee

C F

Coincident peak demand savings for this measure (in kw)
Baseline equipment energy consumption
Modified energy factor for baseline equipment (in ft3/kWh)
Modified energy factor for efficient equipment (in ft3/kWh)
Coincidence Factor

13.26. 11 Algorithm Input Values by Measure

Table 13-9: Measure Lookup Values - Coin-Operated Washlng Machine

CFMeasure Type Loads Per
Year

Incremental Cost
(S/unit)

Machine Capacity
( ftp)

MEFee
(ft3lkWh)

2110.054.0 2950
CEE Tier 1/Energy

Star

2.2

2.4

2.6

0.05

0.05

0.05

4.0

4.0

4.0

326

307

537

950

950

950

CEE Tier 2

CEE Tier 3

CEE Tier 4

Source: CEE

13.2.7 Carbon Dioxide Sensor

1522. Z 1 Applicability

Retrofit

13.27.2 Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large EXisting
New Construction
Small Business
Schools
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13.273 Measure Description

This control measure promotes the installation of COZ sensors to utilize demand-controlled ventilation to
reduce the conditioning of outside air.

13.2z4 Baseline Equipment Definition

Baseline equipment is a ventilation fan with no COZ sensors installed.

1.12 ZN Efficient Equipment Definition

Efficient equipment is a ventilation fan with CO2 sensors.

13.27 6 Unit Basis

This measure's incentive, savings and incremental measure cost are determined based on a "per sensor"
basis.

1822 Z7Effective Useful Life

This measure has an effective useful life of 15 years per Energy Innovation Group technical specs for
transmitter rated life.

1.12 Z8 Incremental Measure Costl
i

The incremental cost per sensor for this measure varies depending on the Unit type. Incremental costs
are based on recommendations from the Federal Energy Management Program**9. For details of specific
incremental cost calculations, refer to the MAS.

13.2.Z.9AnnuaI Energy Savings Algorithm

Energy savings are based on an engineering spreadsheet model calibrated to APS weather data.
Numeric values for the deemed savings values and assumptions driving the model can be found in Table
13-10. For further model detail please refer to the MAS.

1.22. z10 Coincident Peak Demand Savings Algori thm

Coincident peak demand savings are based on an engineering spreadsheet model calibrated to APS
weather data. Numeric values for the deemed savings values and assumptions driving the model can be
found in Table 13~10. For further model detail please refer to the MAS.

ashltD$;/lwww1 .eere.enerqv.oov/femo/
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13.2111 Algorithm Input Values by Measure

Table 13-10: Lookup Values - CO2 Sensor Measure

CFESFSectorMeasure Type Incremental
Cost (S/unit)

Occupants
per Sensor

Energy
Savings
(kph)

Arca per
sensor
(sq ft)

Coincident
Demand
Savings

(KW)

1176

1176

1.5

1.6

950

950

72

26

63% 43%

63% 43%

5000

8000

College/Univ

Data Center

COZ Sensor/DCV

COZ Sensor/DCV

950

950

1433

911

2.1

0.8

19

25

63% 50%

20% 40%

8000

8000

Grocery

Hotel/Motel

CO2 Sensor/DCV

CO2 SensOr/DCV

950

950

0.5

1 .7

1186

537

63% 15%

63% 87%

29

75

8000

8000

K-12 School

Medical

CO2 Sensor/DCV

C02 Sensor/DCV

1176

531

950

950

1.5

0.6

40

10

20% 43%

20% 30%

8000

8000

Misc

Office

CO2 Sensor/DCV

COZ Sensor/DCV

11761.5428000

1176

950

g501.542

63% 43%

20% 43%8000

COZ Sensor/DCV

COZ Sensor/DCV

Other

Industrial

Process

Industrial

3051

1971

950

950

3.2

3.2

42

42

20% 45%

63% 50%

8000

8000

Restaurant

Retail

COZ Sensor/DCV

COZ Sensor/DCV

1380.0 95010 35% 0%8000WarehouseCO2 Sensor/DCV

13.2.8 Carbon Monoxide Sensor

13.28.1 Applicability

Retrofit

132.8.2Applicable Programs

This measure is applicable to Ape' Solutions for Business programs, which include:

»
»
»
»

Large Existing

New Construction

Small Business

Schools

I
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13283Measure Description

This control measure promotes the installation of CO sensors to control parking garage exhaust fans.

13.za4Baseline Equipment Definition

Baseline equipment is a parking garage ventilation fan with no CO sensors.

1&28.5 Efficient Equipment Definition

Energy efficient equipment is a parking garage ventilation fan with CO sensors.

13.286 Unit 8asis

This measure's incentive, savings and incremental measure cost are determined based on a "per sensor"
basis.

13.z8.7Effective Useful Li fe

This measure has an effective useful life of 8 years determined from DEER 200890.

13.2.&8lncremental Measure Cost

The incremental cost per sensor for this measure varies depending on the unit type. For details of specific
incremental cost calculations, refer to the MAS.

13.2.8.9 Annual Energy Savings Algorithm

Annual energy savings are estimated using an engineering spreadsheet model. The following algorithm is
used to estimate annual energy saving impacts for this measure. Numeric values for the variables can be
found in Table 13-11. For model specifics please refer to the MAS.

alarh-vluniegllnuarannalhil'

Where:

Akwh
VPD
OpHrs
Area
ESF

Energy savings for measure (in kph)
Ventilation Power Density (W/sqft)
Annual Operation Hours
Area per sensor (in soft)
Energy Savings Factor

so hUp:/ .deerewurws.mM
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13.za 10 Coincident Peak Demand Savings Algorithm

Coincident demand savings are estimated using an engineering spreadsheet model. Numeric values for
the deemed savings values and the variables can be found in Table 13-11. For model specifics please
refer to the MAS.

1328. 11 Algorithm Input Values by Measure

Table 13-11: Measure Lookup Values - CO Sensors

Sector ESFMeasure
Type

Annual
Operation
Hours

Incremental
Cost

(S/unit)

VentHaUon
Power
DensNy

(Wlsq.ft.)

Coincident
Demand
SaWngs

(kW)

Area
per

sensor
(soft)

1.2Industrial 8760 8000 63% 0.0 2000

1.2 8760 8000 63% 0.0 2000College/Univ

Data Center 1.2 8760 8000 0.063% 2000

1.2 80008760 20% 6.3 2000Grocery
I

Hotel/Motel 1;2 8760 8000 63% 0.0 2000

K-12 School 1.2 80008760 63% 0.0 2000

Medical 8760 8000 20% 6.3 2000

CO
SensorNAV

CO
SensorNAv

CO
SensorNAV

CO
SensorNAv

CO
SensorNAV

CO
SensorNAV

CO
SensorNAV

Misc

1.2

1.2 8760 8000 6.320% 2000

Office 1.2 8760 8000 63% 0.0 2000

Restaurant 1.2 8760 8000 20% 6.3 2000

1.2Retail 8760 8000 20% 6.3 2000

Warehouse 1.2 8760 8000 63% 0.0 2000

Industrial 1.2 8760 8000 35% 0.0 2000

1.2 8760 8000 35% 0.0 2000College/Univ

CO
SensorNAV

CO
SensorNAV

CO
SensorNAV

CO
SensorNAV

CO
SensorNAV

CO
Sensor/on-off

CO
Sensor/on-off
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0.0 20008000 35%87601.2Data Center

8000 200014% 2.91.2 8760Grocery

0.0 20008000 35%1.2 8760Hotel/Motel

0.080008760 35% 20001.2K-12 School

2.98000 14% 200087601.2Medical

2.91.2 8760 8000 200014%Misc

1.2 0.08760 2000Office 8000 35%

2.9 20008000 14%87601.2Restaurant

2.98000 20008760Retail 14%1.2

0.035% 2000800087601.2Warehouse

C O

Sensor/on-off

C O

S€ll$oI/oTI-off

C O

Sensor/on-off

C O

Sensor/on-off

C O

Sensor/on-off

C O

Sensor/on-off

C O

Sensor/on-off

C O

Sensor/on-off

C O

Sensor/on-off

C O

Sensor/on-off

13.2.9 Hotel Room Occupancy Control

13.2.9. 1 Applicability

Retrofit

13.29.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which include:

»

»

Large Existing

New Construction

13.29.3 Measure Description

This control measure promotes the installation of hotel room occupancy control devices to automatically

setback room temperature and shut off lighting when the room is unoccupied.

13.2.9.4Baseline Equipment Definition

Baseline equipment is a hotel room HVAC and lighting system with no occupancy controls.
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13.29.5 Efficient Equipment Definition

Efficient equipment includes passive and/or dual technology room occupancy sensors and room keyboard
activation installed to control a hotel room HVAC and lighting system.

13.2 .9.6̀ Unit Basis

This measure's savings and incremental measure cost are determined based on a "per sensor" basis.

13.z9.7Effectlve Useful Life

This measure has an effective useful life of 8 years.

1329.8IncrementalMeasure Cost

The incremental cost per sensor for this measure varies depending on the unit type and includes labor
cost. For details of specific incremental cost calculations, refer to the MAS.

13.Z.9.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate energy saving impacts for this measure. Numeric values for
the variables can be found in Table 13-12

MMI. IWMIEXIS

Where:

Akwh
CL
OpHrs
ESF

Energy savings for measure (in kph)
Connected HVAC Load (W/sensor)
Annual operating hours of HVAC load
Energy Savings Factor

13.2.9.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate demand saving impacts for this measure. Numeric values for
the variables can be found in Table 13-12

l: , it!U.
8&.iul..=m,,x
Where:

AkWooincidenl

C L

D S F

C F

Coincident peak demand savings for this measure (in kw)
Connected Load (W/sensor)
Demand Savings Factor
Coincidence Factor

I
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15:29. 11 Algorithm Input Values by Measure

Table 13-12: Measure Lookup Values - Hotel Room Occupancy Sensor

CFESF DSFConnected
Load (W)

Measure
Type

Radius
per

sensor

Annual
Operation

Hours

Incremental
Cost

($lunit)

Area
per

sensor
(soft)

0.2567%40%10251000 178180 2187

1390.2567%1500 1025360 2187 39%

Dual
Technology

Passive
Infrared

2200.163252187360 1025 67%25%
Key Card
Activation

13.2. 10 Energy Management Systems

1.22 10. 1 Applicability

Retrolit

I
!

13.2.10.2ApplicablePrograms

This measure is applicable to Aps' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

13.2.103 Measure Description

This measure promotes the installation of energy management system (EMS) to optimize system
operation.

73.2784 Baseline EquipmentDefinition

Baseline equipment is an HVAC system with one of the following controls:
1) nonprogrammable or pneumatic thermostats,
2) programmable thermostats or digital EMS.
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13.210.5Eft7cientEquipment Definition

Efficient equipment requirements are divided into two tiers. Eflicient equipment is EMS systems that meet
Tier 1 requirements at a minimum, and Tier 2 requirements to be eligible for higher rebates. Energy
savings estimates are determined based on Tier 1 requirements.

Tier 1 EMS Requirements:

»
»
»
»
»
»
»

Central Time Control
Graphic operator interface
Trending capability
Web-based interface with PC-based controls
Minimum setback temperature of at least 8°F in both heating and cooling
Minimum setback period exceeding 2,200 hours per year
At least three enhanced control strategies from Table 13-13.

Tier 2 EMS Requirements:

»

>>

»

For direct-expansion (DX) systems: at least six enhanced control strategies
For chilled water (CW) systems: at least ten enhanced control strategies
For facilities with both DX and CW systems: at least ten enhanced control strategies
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Table 13-13: EMS Enhanced Control Strategies

Enhanced Control Strategies

1 Chilled Water Temperature Reset

2 Chiller Compressor Sequencing

3 Condenser Water Temperature Reset

4 Cooling Lockout on Outside Air Temperature (OSAT)

5 Cooling Tower Fan Speed Control

6 Cooling Tower Fan Staging

7 Deadband Control for Heating and Cooling

8 Demand Control Ventilation

9 Distribution Pump Speed Control

10 Distribution Pump Sequencing

11 Equipment Cycling

12 Heating Lockout on OSAT

13 Improved Outside Air Volume Control'

14 Morning Warm-up/ Cool Down Cycle

15 Night Ventilation Purge .

16 Outside Air Damper Control

17 Optimal StaWStop

18 Secondary Chilled Water Loop Pressure

19 Static Pressure Reset

20 SummerNVinter Volume Change

21 Supply Air Temperature Reset

22 Unoccupied Temperature Setback

23 . Zone-by-Zone Scheduling

'Direct outdoor air measurement, volumetric fan tracking, fixed damper position, or plenum pressure differential.

13.2 10.6Unit 8asls

This measure's incentive, savings and incremental measure cost are determined based on a "per sq fl"
basis.
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13.210. Effective Useful Life

This measure has an effective useful life of 13 years determined based on DEER 200891 values.

13210.8lncrementaI Measure Cost

The incremental cost per sq ft for this measure varies depending on the unit type, unit size, and number

of enhanced control strategies installed and includes the total material and labor mosts. Incremental costs

are based on review of program invoices. For details of specific incremental cost calculations, refer to the

MAS.

13.2 1a9AnnuaI Energy Savings Algorithm

Numeric values for the variables can be found in Table 13-14. Energy savings for EMS are based on

historical program data and thus presented as deemed savings. The total annual savings of EMS are

determined based on a "per sq ft" basis.

13.210. 10Coincident Peak Demand Savings Algorithm

I
I Numeric values for the variables can be found in Table 13-14. Coincident demand savings for EMS are

based on EMS load shape analysis thus presented as deemed savings. The total annual coincident

demand savings of EMS are determined based on a "per sq ft" basis.

13.2.10. 11Algorithm Input Values by Measure

Table 13-14: Measure Lookup Values - EMS

Measure Type Annual Energy
Savings (kWh/sq ft)

Annual Demand
Savings (kw/sq ft)

incremental Cost
($/sq ft)

4.06 0.003 1.57
EMS replacing T-stat or

pneumatic controls

3.25 0.003 1 .26EMS replacing DDC or

upgrading digital EMS

13.2.11 Demand Response Programmable Thermostats

Savings and costs for Demand Response Programmable Thermostats are consistent with those for

programmable thermostats rebated through the S4B program. Please refer to Section 10.2.8for more

information.

91 htlp://www.deeresources.oom/

Page 235
Technical Reference Manual
Arizona Public Service Energy EfficiencyPrograms



NAVIGANT

13.2. 12Custom Measures

13.2121 Applicability

Retrofit, Replace on Burnout, and New Construction

13.2122Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

»
»
»
»

Large Existing
New Construction
Small Business
Schools

13.2123 Measure Description

APS offers custom rebates for energy-saving projects for which there is no prescriptive incentive. The
rebates apply to retrofit and new construction projects and are funded at $0.09/annual kph savings, up to
75% of incremental costs. Project savings, costs, measure lifetimes, and cost-effectiveness are calculated
on a casey-case basis by the program implementer, and leverage some of the algorithms and models
discussed in other sections of this TRM.

13.2. 124Baseline Equipment Definition

The baseline definition is specific to the custom project and varies on a case-by-case basis.

1.12125Efficient EquipmentDefinition

The efficient definition is specific to the custom project and varies on a case-by-case basis.

13.2. 126Unit Basis

Savings and costs are based on a "per project" basis.

13.2127Effective Useful Life

The effective useful life is specific to the custom project and varies on a case-by-case basis.

13.2128 Incremental Measure Cost

The incremental cost is specific to the custom project and varies on a case-by-case basis.

13.212.9AnnuaI Energy Savings Algorithm

Annual Energy savings are estimated by the program implementer and verified through the MER process.
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1321210 Coincident Peak Demand Savings Algorithm

Coincident peak demand savings are estimated by the program implementer and verified through the
MER process.

1.32.1211 Algorithm Input Values by Measure

Algorithm inputs are estimated by the program implementer and verified through the MER process.

13.2.13 Retro-Commissioning (RCx)

13.2131 Applicability

Retrofit

13.213.2Applicable Programs

This measure is applicable to APS' Solutions for Business programs, which include:

. »

»
»
»

Large Existing
New Construction
Small Business
Schools

13.2.13.3 Measure Description

This measure is designed to assess the operational and maintenance components of complex HVAC and
lighting control systems in existing buildings to develop a strategy to optimize the systems' energy
efficiency. Typical tasks include identifying and implementing relatively low-cost operational
improvements and documenting these opportunities in a retro~commissioning report.

13.2.13.4 Baseline Equipment Definition

Facilities with a minimum of 25,000 sq ft of conditioned floor space and utilize a chiller. It is strongly
recommended that these facilities also utilize a central building automation system (EMS).

13.2. 13.5Efficient Equipment Definition

Retro-commissioning is conducted in three phases:
i

>>

»
»

»
»

Phase 1 - Benchmarking: Energy Star Benchmarking
Phase 2 - Evaluation: At a minimum, services involve all of the following activities:

Review off all applicable equipment sequencing and operating schedules
Assess the existing condition and operation of economizers.
Assess current control capability.
Review and assess maintenance procedures.
Identify low cost/ no cost repairs.
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Phase 3 - Implementation: At a minimum, services involve all of the following activities:

»

»
»

Implement low cost / no cost repairs as previously identified. This may include replacing
components and revising control sequences that fail the assessment.
Calculate and document kW and kph savings achieved from these efforts.
Identify improvements that will require capital investment.

1.2213.6Unit Basis

Savings and costs are based on a "per project" basis.

13.2.13.7Effectlve Useful Life

The effective useful life is specific to the RCx project and varies on a case-by-case basis.

13.213.8 Incremental Measure Cost

The incremental cost is specific to the RCx project and varies on a case-by-case basis.

13213.9AnnuaI Energy Savings Algorithm

Annual Energy savings are estimated by the program implementer on a case-by-case basis and verified
through the MER process.

13.2.13.10 Coincident Peak Demand Savings Algorithm

Coincident peak demand savings are estimated by the program implementer on a case-by-case basis
and verified through the MER process.

13.2.1.111 Algorithm Input Values by Measure

Algorithm inputs are estimated by the program implementer on a case-by-case basis and verified through
the MER process.

13.2.14 Whole Building

13.2. 14. 1Applicability

New Construction

13.214.2Applicable Programs

This measure is applicable to Aps' Solutions for Business programs, which includes:

» New Construction
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13.2143M easure Description

This measure encourages design teams and building owners/developers to design and construct highly
efficient buildings. The purpose is to promote creative, energy-efficient design strategies at the earliest
stages.

13.214.4Baseline Standard Definition

The baseline is a building built according to the ASHRAE 90.1-2007 standard for new buildings.

131214.5Efficient Standard Det7nltion

The efficient case is a building designed to be at least 10% more efficient than the baseline based on the
whole building energy performance. .

13.2.14.6Uni t Basis

This measure's savings and incremental measure cost are determined based on a "per sq ft" basis.
\

13.214.7 Effective Useful Life

This measure has an effective useful life of 15 years.

13.2.14.8 Incremental Measure Cost

The incremental cost per sq ft for this measure varies depending on the unit type, unit size and includes
the total material and labor costs. Incremental mosts are based on two sources: "Energy Performance of
LEED for New Construction Buildings92" and "Measuring the Cost to Become LEED Certified9°". For
details of specific incremental cost calculations, refer to the MAS.

13.214.9Annual Energy Savings Algorithm

Annual energy savings are based on supporting documentation provided by the customer and verified by
the program implementer and evaluation team on a case-bycase basis.

I

13.2.1410 Coincident Peak Demand Savings Algorithm

Coincident peak demand savings are based on supporting documentation provided by the customer and
verified by the program implementer and evaluation team on a case-by-case basis.

92 Energy Performance of LEED for New Construction Buildings. March 2008.
7rhit ;//ww w . n =3

www.facililiesnel.com/Green/article/MeasurinoTheCoslTosa Measuring the Cost to BecomeLEED Certified November 2008.
BecomeLEEDCertif ied10057
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13.z14.11 Algorithm Input Values by Measure

Model Inputs are based on supporting documentation provided by the customer and verified by the
program implementer and evaluation team on a case-by-case basis.

I
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14. SOLUTIONS FOR BUSINESS PROGRAM - EXPRESS SOLUTIONS

14.1 Algorithm Input Descriptions

14.1.1Hours of Operation (OpHrs)

Annual hours of operation for lighting end-use measure types are determined from customer self-reported
data on project applications and vary due to different operating conditions for different buildings. These
hours are then refined and assessed against results of a metering study conducted in 2012. Annual hours
of operation for refrigeration end-use measure types vary depending on the equipment's application .

14. 1.2 Baseline Wattage of Fixture (Wbase)

Baseline wattages of fixtures are derived from the program implementer's fixture wattage table, shown in
Table 14-1, which contains records of common lighting ft)dure configurations and wattages according to
lamp length, lamp size, and ballast type. Contractors for the Express Solutions Program may choose from
any fixture listed in the table as the baseline wattage.

14.1.3Efficient Wattage of Fixture(WEE)

I
I

Efticient wattages of fixtures are derived from the program implementers fixture wattage table, shown in
Table 14-1, which contains records of common lighting fixture configurations and wattages according to
lamp length, lampsize,and ballast type. Contractors for the Express Solutions Program may choose from
any fixture listed in the table as the efficient wattage, with the exception of Standard T12s, halogens, and
incandescents.

14.1.4 Demand Interaction Factor (DIF)

The demand interaction factor is used to account for the fraction of the direct measure demand savings
that decrease (or increase) HVAC system demand. For instance, the installation of more efficient lighting
systems in conditioned Spaces reduce cooling loads and increase heating loads in conditioned spaces
resulting in reduced usage of the HVAC system during peak periods of the summer. Demand interaction
factors for different building types are determined through calibrated building simulation utilizing TMY
weather data for Phoenix, Az.

14. 1.5 Energy Interaction Factor (ElF)

The energy interaction factor is used to account for the fraction of the direct measure energy savings that
decrease (or increase) HVAC system consumption. For instance, the installation of more efficient lighting
systems reduce cooling loads and increased heating loads in conditioned spaces resulting in reduced
usage of the HVAC system during peak periods of the summer. Energy interaction factors for different
building types are determined through calibrated building simulation utilizing typical TMY weather data for
Phoenix, AZ.
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14.1.6 Diversity Factor (DF)

The DF refers to the ratio of the peak demand of a population of units to the sum of the non-coincident
peak demands of all individual units and is derived from a field metering study for lighting measures.

14. 1.7 Coincidence Factor (CF)

The CF is the fraction of the peak demand of a population that is in operation at the time of APS' system
peak and is derived from a field metering study and analysis of APS' system load.

14.1.8 Load Factor (LF)

The LF is the ratio actual load that a compressor or motor normally runs to the rated load of the
equipment based on nameplate power/capacity.

14.1.9Demand Savings Factor (DSF)

The DSF represents the percent savings over baseline energy demand. Values are based on engineering
models and secondary literature reviews specific to commercial lighting and refrigeration equipment

14.1.10 Energy Savings Factor (ESF)

The ESF represents the percent savings over baseline energy consumption. Values are based on
engineering models and secondary literature reviews specific to commercial lighting and refrigeration
equipment

14.1.11 Base Energy Consumption

Base energy consumption reflects annual energy consumption from baseline equipment before the
installation of controls or replacement with more efficient equipment. Depending on the specific measure,
this value may be applied on a different unit basis (e.g., kph per LF, kph per ton). Values are based on
engineering models and secondary literature reviews specific to commercial refrigeration equipment.

14. 1. 12 Base Demand

Base demand reflects the highest load from baseline equipment before the installation .of controls or
replacement with more efficient equipment. Depending on the specific measure, this value may be
applied on a different unit basis (e.g., kW per unit, kBtuh per LF). Values are based on engineering
models and secondary literature reviews specific to commercial refrigeration equipment.

14.1.13 Base COP

The Base coefficient of performance (COP) refers to the efficiency for the baseline condition of a
commercial refrigeration system.

i

i
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14.1.14 EE COP

The EE coefficient of performance (COP) refers to the efficiency for the efficient condition of a commercial
refrigeration system.

14.1.15 Duty Cycle (DC)
l

l
l

1

The duty cycle refers to the percent of time a compressor operates to meet the required cooling load .
Values are based on engineering models and secondary literature reviews specific to commercial
refrigeration equipment.

Table 14;1. Express Solutions Lighting Fixture Wattage Table

WattsFixture DescriptionEquipment Type

Exit Sign (LED)

Exit Sign (LED)

Exit Sign (LED)

Exit Sign (LED)

Exit Sign (LED)

Exit Sign (LED)

Exit sig§R:FL)
Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (CFL)

Exit Sign (Incandescent)

Exit Sign (Incandescent)

Exit Sign (Incandescent)

Exit Sign (Incandescent)

Exit Sign (Incandescent)

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

1

2

2.5

5

5

5

7

7

g

g

10

11

11

14

14

14

25

30

40

50

80

7

11

13

15

Single Face Electroluminescent Exit Sign

Double Face Electroluminescent Exit Sign

Single Face LED Exit Sign

LED Exit Sign Replacement

LED Exit Sign Replacement w/ Spot Lights

LED Retrofit kit

5W Compact Fluorescent Exit Sign - Hardwired

5W Compact Fluorescent Exit Sign - Screw-in

7W Compact Fluorescent Exit Sign Hardwired

7W Compact Fluorescent Exit Sign - Screw-in

Whip' Exit Sign

KW Compact Fluorescent Exit Sign - Hardwired

KW Compact Fluorescent Exit Sign - Screw-in

11W Compact Fluorescent Exit Sign - Hardwired

11W Compact Fluorescent Exit Sign - Screw-in

Exit Sign - (2)5W Comp Fluor

Standard 25W Incandescent Exit Sign

Standard 30W Incandescent Exit Sign .

Standard (2)20W Incandescent Exit Sign

Standard (2)25W Incandescent Exit Sign

Standard (2)40W Incandescent Exit Sign

7W Comp Fluor/ Hardwired

11W Comp Fluor/ Hardwired

13W Comp Fluor/ Hardwired

15 W Comp Fluor Canopy
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15

15

15

15

18

23

23

23

24

26

26

30

30

30

34

36

42

42

45

55

74

123

25

40

40

50

60

60

60

65

75

75

75

100

100

100

150

15 W Comp Fluor Drum

15 W Comp Fluor/ Hardwired

15 W Comp Fluor Wall pack

5-13 W CFL (Hardwired)

18 W Comp Fluor/ Hardwired

23 W Comp Fluor Canopy

23 W Comp Fluor/ Hardwired

23 W Comp Fluor Wallpack

22W Cimline Lamp / Hardwired

14-26 W CFL (Hardwired)

26 W Comp Fluor/ Hardwired

28W Comp Fluor/ Hardwired

30 W Comp Fluor Canopy

30 W Comp Fluor Wallpack

32W Circline Lamp / Hardwired

36 W Comp Fluor Hardwired Lamp

42 W Comp Fluor Canopy

42 W Comp Fluor Wallpack

27-65 W CFL (Hardwired)

55 W Comp Fluor Hardwired T5

66-90 W CFL (Hardwired)

>90 W CFL (Hardwired)

25 Watt Incandescent Lamp

40 Watt PAR Halogen

40 Watt Incandescent Lamp

50 Watt Incandescent Lamp

60 Watt Incandescent Fixture

60 Watt PAR Halogen

60 Watt Incandescent Lamp

65 Watt PAR Incandescent

75 Watt PAR Halogen

75 Watt Incandescent Lamp

. 75 Watt PAR Incandescent
100 Watt PAR Halogen

100 Watt Incandescent Fixture

100 Watt Incandescent Lamp

150 Watt PAR Halogen

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Hardwired CFL

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen
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Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

I

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

Incandescent/ Halogen

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5 150

150

150

180

200

200

200

250

300

300

350

500

500

500

1000

1000

1000

1500

15

15

18

20

22

23

23

24

24

24

27

27

28

29

29

30

30

30

30

150 Watt Incandescent Fixture

150 Watt Incandescent Lamp

150 Watt PAR Incandescent

180 Watt Incandescent Fixture

200 Watt PAR Halogen

200 Watt Incandescent Lamp

225 Watt Incandescent Fixture

250 Watt Incandescent Lamp

300 Watt PAR Halogen

300 Watt Incandescent

350 Watt Incandescent Fixture

500 Watt PAR Halogen

500 Watt Incandescent

500 Watt Incandescent Fixture

1000 Watt PAR Halogen

1000 Watt Incandescent

1000 Watt Incandescent Fixture

1500 Watt PAR Halogen

1-2' 17W T8 Lamp LP Elect Ballast

1-2' 17W T8 Lamp, LP Elect Ballast(1) & Real

1-2' 17W T8 Lamp, Elect Ballast(1 )

1-4' 25W T8 Lamp, LP Elect Ballast

1-4' 28W TG Lamp, LP Elect Ballast

13' 25W TG Lamp Elect Ballast w/Ballast Cover

1-3' 25W TG Lamp, LP Elect Ballast(1 )

1-2' 28W U-shape T8 Lamp, Low Power Elect Ballast(1)

1-3' 25W T8 Lamp, Elect Ballast(1 )

1»4' 25W T8 Lamp, Elect Ballast

1-4' 30W T8 Lamp, LP Elect Ballast (1)

1-4' 30W T8 Lamp LP Elect Ballast (1) w/Refl

1-4' 28W T8 Lamp, Elect Ballast

2-2' 17W T8 Lamp, LP Elect Ballast(1)

2~2 .17W T8 Lamp LP Elect Ballast(1)8t Refl

1-3' 25W T8 Lamp, HP Elect Ballast(1 )

1-3' 25W T8 Lamp, HP Elect BaIlast(1 ), Real

1-4' 25W T8 Lamp, HP Elect Ballast

1-4' 30W T8 Lamp, Elect Ballast (1 )
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30

30

30

31

31

31

31

31

31

31

31

32

32

32

35

38

38

38

40

40

40

40

41

41

43

43

43

43

44

45

45

45

46

46

46

46

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5 1-4' 30W T8 Lamp, Elect Ballast (1) w/Refl

1-4' 32W T8 Lamp, LP Elect Ballast (1)

22' 17W T8 Lamp, Low Power Elect Ballast w/refl

1-4' 28W T5 Lamp, Elect Ballast

1-4 32W T8 Lamp, Elect Ballast (1 )

1-4' 32W T8 Lamp, Elect Ballast (1 )

1-4 32W TG Lamp, Elect Ballast w/Ballast Cover

2-2' 17W T8 Lamp, Elect Ballast w/refl

2-2' 17W T8 Lamp, Elem BaIIast(1 )

2-2' 17W TG Lamp, Elect Ballast w/Ballast Cover

2-2' 17W T8 Lamp Elect Ballast w/Ballast Cover

1-2 31W U-shape T8 Lamp Elect BaIIast(1 )

2-2' 17W T8 Lamp, HP Elect BaIIast(1 )

2-2' 17W T8 Lamp, HP Elect BaIIast(1 ) & Refl

1~4 28W T8 Lamp, HP Elect Ballast

1-4' 32W T8 Lamp HP Elect Ballast (1)

1-4' 32W T8 Lamp, HP Elect Ballast w/Ballast Cover

1-4' 32W T8 Lamp,HP Elect Ballast (1) Refl

2-2' 25W U-shape T8 Lamp, Low Power Elect BaIIast(1)

2-4 25W T8 Lamp, LP Elect Ballast

2-4' 25W T8 Lamp, LP Elect Ballast w/ Ballast Cover

2-4' 25W T8 Lamp, LP Elect Ballast w/ Reflector

2-3' 25W T8 Lamp, LP Elect Ballast(1)

2-3' 25W T8 Lamp, LP Elect Ballast w/Ballast Cover

22 28W U-shape T8 Lamp, Low Power Elect Ballast(1)

2-4' 28W T8 Lamp, LP Elect Ballast

3-2' 17W T8 Lamp, LP Elect Ballast(1)

3-2' 17W TG Lamp, LP Elect Ballast Refl

1-5' 40W T8 Lamp, Elect BaIlast(1 )

2-4' 30W T8 Lamp, LP Elect Ballast (1)

2-4' 30W T8 Lamp, LP Elect Ballast (1) w/Refl

3-2' 17W T8 Lamp, Elect Ballast(1 )

2-2 25W U-shape T8 Lamp Elect Ballast(1)

2-3' 25W T8 Lamp, Elect Ballast(1) .

2-3' 25W TG Lamp, Elect Ballast w/Ballast Cover

2-4' 25W T8 Lamp, Elect Ballast
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T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/I5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8lT5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8lT5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

46

46

47

47

47

48

48

51

51

51

51

51

54

54

55

55

55

58

58

58

58

58

59

59

60

60

60

60

60

60

60

60

62

62

62

64

2-4 25W T8 Lamp, Elect Ballast w/ Ballast Cover

2-4' 25W T8 Lamp Elect Ballast, Refl

2-3' 25W T8 Lamp, HP Elect BalIast(1)

2-8' 25W T8 Lamp HP Elect Ballast w/Ballast Cover

2~3' 25W T8 Lamp, HP Elect Ballast (1). Refl

3-2' 17W T8 Lamp, HP Elect Ballast(1 )

3-2' 17W TG Lamp, HP Elect Ballast(1), Real

2-2' 32W U-shape TG Lamp, Low Power Elect Ballast(1 )

2-4' 32W T8 Lamp, LP Elect Ballast 8' Retrokit

2-4' 32W T8 Lamp Low Power Elect Ballast (1 )

2-4' 32W T8 Lamp, Low Power Elect Ballast w/Refl

2-4' 32W TG Lamp, LP Elect Ballast w/Ballast Cover

2-4 30W T8 Lamp, Elect Ballast (1)

2-4' 30W T8 Lamp Elect Ballast (1) w/Refl

2-4' 28W T8 Lamp Elect Ballast

2-4' 28W T8 Lamp, Elect Ballast w/ Ballast Cover

2-4' 28W T8 Lamp, Elect Ballast(1)8t Refl

2-4' 32W T8 Lamp, Elect Ballast w/Refl

24' 32W T8 Lamp Elect Ballast (1 )

2-4' 32W T8 Lamp Elect Ballast (1)

2-4' 32W T8 Lamp, Elect Ballast w/Ballast Cover

2-4' 32W T8 Lamp, Elect Ballast 8' Retrokit

1-4 54W T5HO Lamp, Elect Ballast

1-4' 54W T5HO Lamp Elect Ballast, Real

1-8' 59W T8 Lamp, LP Elect Ballast(1)

2-2' 32W U-shape T8 Lamp Elect Ballast(1 )

2-2' 32W U-shape TG Lamp, Elect Ballast(1)

2-4' 25W T8 Lamp HP Elect Ballast

2-4' 28W T5 Lamp, Elect Ballast

3-3' 25W T8 Lamp LP Elect Ballast (1)

3-3' 25W TG Lamp, LP Elect Ballast w/Ballast Cover

3-4' 25W T8 Lamp LP Elect Ballast

2-2' 31W U-shape T8 Lamp, Elect BaIIast(1 )

3-3' 25W TG Lamp Elect Ballast (1 )

4-2' 17W T8 Lamp, Elect Ballast(1 )

3-4' 28W T8 Lamp, LP Elect Ballast
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T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5 64

65

67

67

68

68

68

68

68

68

70

70

70

71

71

73

76

76

76

77

77

78

80

80

80

80

80

81

81

83

83

83

83

83

83

83

34' 28W T8 Lamp, LP Elect BaIIast(1) & Refs

2~4' 28W T8 Lamp HP Elect Ballast

3-4' 30W T8 Lamp, LP Elect Ballast (1 )

3-4' 30W T8 Lamp LP Elect Ballast (1) w/Refl

1-6' 35W T8 Lamp, Elect Ballast

1-6' 35W T8 Lamp Elect Ballast, Refl

1-8' 59W T8 Lamp, Elem Ballast(1 )

1-8' 59W TG Lamp, Elect Ballast (1 )

3-3' 25W T8 Lamp, HP Elect Ballast(1 )

3~3' 25W TG Lamp, HP Elect Ballast (1 ), Refl

3-4' 25W T8 Lamp, Elect Ballast

3-4' 25W T8 Lamp, Elect Ballast w/ Ballast Cover

3-4' 25W T8 Lamp, Elect Ballast, Refl

1-8' 5gw T8 Lamp HP Elect Ballast(1)

1-8' 59W T8 Lamp, HP Elect Ballast(1), Refl

2-5' 40W T8 Lamp, Elect Ballast(1 )

2-4' 32W T8 Lamp, High Power Elect Ballast (1)

2-4' 32W TG Lamp, HP Elect Ballast w/Ballast Cover

2~4' 32W T8 Lamp, HP Elect Ballast (1 ), Refl

3-4' 32W T8 Lamp, LP Elect Ballast (1 )

3-4' 32W T8 Lamp LP Elect Ballast w/Ballast Cover

3-4' 28W TG Lamp, Elect Ballast

4-3' 25W T8 Lamp, LP Elect Ballast(1)

4-3' 25W TG Lamp, LP Elect Ballast w/Ballast Cover

44' 25W T8 Lamp, LP Elect Ballast

4-4 25W T8 Lamp, LP Elect Ballast w/ Ballast Cover

4-4 25W T8 Lamp, LP Elect Ballast w/ Reflector

34' 30W T8 Lamp, Elect Ballast (1 )

3-4' 30W T8 Lamp, Elect Ballast (1) w/Refl

3-4 32W T8 Lamp, Elect Ballast w/Refl 8' Retrokit

3-4' 32W TG Lamp, Elect Ballast (1 )

3-4' 32W T8 Lamp Elect Ballast (1 )

3-4' 32W T8 Lamp, Elect Ballast w/Ballast Cover

3-4' 32W T8 Lamp, Elect Ballast w/Reflector

4-3' 25W T8 Lamp Elect Ballast(1 )

4-3' 25W T8 Lamp, Elect Ballast w/Ballast Cover
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T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/rs

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8lT5

T8/T5

T8/T5

T8/T5 86

89

89

90

90

90

90

92

92

95

98

98

98

100

100

100

100

104

104

107

107

108

109

109

109

114

114

114

114

114

117

118

118

120

120

130

4-4' 28W TG Lamp, LP Elect Ballast

4-4' 30W T8 Lamp, LP Elect Ballast (1)

4-4' 30W T8 Lamp, LP Elect Ballast (1) wlRefl

2-6' 35W TG Lamp, Elect Ballast

3-4' 25W T8 Lamp, HP El€C{ Ballast

4-3' 25W T8 Lamp, HP Elect Ballast(1)

4-4' 25W T8 Lamp, Elect Ballast

3-4' 32W T8 Lamp, HPElect Ballast (1 )

3-4' 32W T8 Lamp, HP Elect Ballast (1), Refl

3-4' 28W T5 Lamp, Elect Ballast

2-8' 59W TG Lamp, LP Elect BaIIast(1)

3~4' 28W TG Lamp, HP Elect Ballast

3-4' 32W T8 Lamp, HP Elect Ballast (2)

4-4' 32W T8 Lamp LP Elect Ballast 8' Retrokit

4-4' 32W T8 Lamp, LP Elect Ballast New Fixture

4-4' 32W T8 Lamp, LP Elect Ballast

4-4' 32W T8 Lamp LP Elect Ballast w/Ballast Cover

4-4' 28W T8 Lamp Elect Ballast

4-4' 28W T8 Lamp, Elect Ballast w/ Ballast Cover

4-4' 30W18 Lamp, Elect Ballast (1 )

4-4 30W T8 Lamp, Elect Ballast (1) w/Retl

3-5' 40W T8 Lamp, Elect Ballast(1 )

- 28' 59W T8 Lamp, Elect Ballast(1)

2-8' 59W T8 Lamp Elect Ballast (1)

2-8' 59W T8 Lamp, Elect BaIlast(1 ), Refl

4-4' 32W T8 Lamp, Elect Ballast 8' Retrokit

4-4' 32W T8 Lamp Elect Ballast New Fixture

4.4' 32W T8 Lamp, Elect Ballast (1 )

4-4' 32W T8 Lamp, Elect Ballast (1 )

4-4' 32W T8 Lamp, Elect Ballast w/Ballast Cover

2-4' 54W T5HO Lamp, Elect Ballast

2 -8 59W T8 Lamp, HP Elect Ballast(1 )

2 ~8' 59W T8 Lamp, HP Elect Ballast(1), Refl

4-4' 25W T8 Lamp, HP Elect Ballast

4-4' 28W T5 Lamp, Elect Ballast

4-4' 28W T8 Lamp, HP Elect Ballast
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T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8lT5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

T8/T5

Screw-in CFL

Screyv-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

144

144

144

152

154

154

166

166

166

170

184

184

191

191

200

200

208

218

228

228

234

236

240

351

360

7

7

7

g

11

11

11

13

13

13

13.5

4~4' 32W T8 Lamp, HP Elect Ballast (1)

4-4' 32W T8 Lamp HP Elect Ballast w/Ballast Cover

4~4 32W TG Lamp, HP Elect BalIast(1 ), Refl

4-4' 32W T8 Lamp, HP Elect Ballast (2)

5-4' 32W T8 Lamp, LP Elect Ballast (2)

6-4' 32W T8 Lamp, LP Elect Ballast(2) w/ Ballast Cover

3 -8' 59W T8 Lamp LP Elect Ballast(2)

6-4' 32W T8 Lamp, Elect Ballast (2) New Fixture

6-4' 32W T8 Lamp, Elect Ballast (2)

3 -8' 59W T8 Lamp, Elect Ballast(2)

6-4' 32W T8 Lamp, HP Elect Ballast w/ real

6-4' 32W T8 Lamp, HP Elect Ballast (2)

3 -8' 59W T8 Lamp, HP Elect Ballast(2)

3-8' 59W TG Lamp, HP Elect BallaSt(2), RBfl

8-4' 32W T8 Lamp, LP Elect Ballast(2)

8-4' 32W T8 Lamp, LP Elect Ballast(2) w/ Ballast Cover

4 -8' 59W T8 Lamp, LP Elect Ballast(2)

4 -8' 59W T8 Lamp, Elect Ballast(2)

(6)40W twin-tube T5 with 1 electronic ballast

8-4' 32W T8 Lamp Elect Ballast (2)

4-4' 54W T5HO Lamp, Elect Ballast

4 8' 59W T8 Lamp HP Elect Ballast(2)

84 32W T8 Lamp HP Elect Ballast (2)

6-4' 54W T5HO Lamp Elect Ballast (3)

4-5' 40W T8 Lamp, Elect BaIIast(2)

7W GU24 Comp Fluor/ Screw-in Locking Base

7W Comp Fluor/ Screw-in

7W Comp Fluor/ Screw-in/ Reflector

KW Comp Fluor / Screw-in

11W GU24 Comp Fluor / Screw-in Locking Base

11W Comp Fluor/ Screw-in

11W Comp Fluor/ Screw-in/ Reflector

13W GU24 Comp Fluor/ Screw-in Locking Base

13W Comp Fluor/ Screw-in

13W Comp Fluor/ Screw~in/ Rejector

5-15 W CFL (Screw In)
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i
9
I
I

I

I

»

Screw~in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screwin CFL

Screw-in CFL

Screw-in CFL

Screwin CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screwin CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

5-15 W CFL (Screw In) w/ Reflector

5-15 W GU24 Comp Fluor/ Screw-in Locking Base

5-15 W CFL GU24 w/ Rgfled0f

15W GU24 Comp Fluor/ Screw-in Locking Base

15W Comp Fluor I Screw-in

15W Comp Fluor/ Screw-in / Reflector

18W GU24 Comp Fluor/ Screw-in Locking Base

18W Comp Fluor/ Screw-in

18W Comp Fluor/ Screw-in/ Reflector

16-25 W CFL (Screw In)

16-25 W CFL (Screw In) w/ Reflector

. 16-25 W CFL GU24 w/ Reflector

16-25 W GU24 Comp Fluorl Screw-in Locking Base

23 W Comp Fluor Drum

23W GU24 Comp Fluor/ Screw-in Locking Base

23W Comp Fluor / Screw-in

23W Comp Fluor/ Screw-in/Reflector

22W Circline Lamp / Screwin

26W GU24 Comp Fluor/ Screw-in Locking Base

26 W Comp Fluor/ Screw-in

26 W Comp Fluor/ Screw-in/Reflector

27W Circline Lamp/ Screw-in

26-35 W CFL (Screw In)

26-35 W CFL (Screw In) w/ Reflector

2635 W GU24 Comp Fluor / Screw-in Locking Base

26-35 W CFL GU24 w/ Reflector

28W GU24 Comp Fluor/ Screw-in Locking Base

28W Comp Fluor/ Screw-in

28W Comp Fluor/Screw-in / Reflector

30 W Comp Fluor Brass Drum

30 W Comp Fluor Drum

36 W Comp Fluor Screw-in Lamp

36-45 W CFL (Screw In)

36-45 W CFL (Screw In) w/ Reflector

36-45 W GU24 Comp Fluor/ Screw-in Locking Base

36-45 W CFL GU24 w/ Reflector

13.5

13.5

13.5

15

15

15

18

18

18

19

19

19

22

23

23

23

23

25

26

is
26
27

28

28

28

28

30

30

30

30

30

36

41

41

41

41
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Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in CFL

Screw-in LED

Screw-in LED

Screw-in LED

Screw-in LED

Screw-in LED

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

42

42

43

43

52

60

60

60

60

3

5

6

8

13

26

37

37

44

47

50

50

51

55

62

70

74

75

82

82

84

84

87

90

110

114

114

115

42 W Comp Fluor Drum

42 W Comp Fluor TripleBiax

40/30W Biax with 1 ballast

40/30W Biax with 1 ballast - screw-in

52 W Comp Fluor Fixture

>45WCFL (Screw In)

>45 W CFL (Screw In) w/ Rejector

>45W GU24 Comp Fluor /Screw-in Locking Base

>45 W CFL GU24 w/ Reflector

SW R,BR, or PAR series lamps

5W R, BR, or PAR series lamps

KW R, BR, or PAR series lamps

8WR, BR, or PAR series lamps

13W R BR, or PAR series lamps

1-2' 20W T12s Lamp, Std BalIast(1)

1-3' T12s hybrid

24~27 W Biax, 1 ballast

12 34W U-shape T12s Lamp Eff Mag Ballast(1 )

1-2' 34/40W hybrid U-shape T12s

1-2 40W U-shape T12s Lamp, Eff Mag BaIIast(1 )

1-4 34/40W hybrid

2-2 T12s hybrid .

1-5 50W hybrid

1-2' 35W HO T12s Lamp, Std Ballast(1)

1-3' 50W T12s HO Lamp Standard Ballast

2-3 25/30W hybrid

2-2' 34/40W U hybrid

1-4' HO hybrid

16' 55W hybrid

2-4' 34/40W T12s hybrid

4-2' 20W T12s Lamp Std BaIlast(2)

1-8' 60/75W hybrid

2-2' 35W HO T12s Lamp, Std Ballast(1)

1-5' 75W T12sHO Lamp Standard BaI!ast(1 )

. 16' 85W HO hybrid

2-3' 50W T12s HO Lamp, StandardBaIlast

33' 25W/30W T12s hybrid
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Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

.Starld3fd T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

Standard T12

118

118

122

134

136

138

148

148

157

168

169

178

180

180

193

194

209

215

218

232

238

246

253

260

297

310

340

354

360

390

418

430

2-5' 50W T12s Lamp, Standard BalIast(1 )

2-8 55W hybrid

1-8' HO hybrid

3-4' 34/40W hybrid

24' 50W hybrid

25' 75W T12sHO Lamp, Electric BaIIast(1 )

2-8' 60/75W hybrid

4-3' 25/30W hybrid T12s

1-5' 135W T12sVHO Lamp, Standard Ballast(1 )

4,4' 34/40W hybrid

2-6' 85W T12sHo Lamp, Elect Ballast

3-5' 50W T12s Lamp, Standard Ballast(2)

1-6' 160W T12sVHO Lamp, Standard Ballast

2-5' 75W T12sHO Lamp, Standard Ballast(1 )

2-6' 85W hybrid

2-6 85W T12sHO Lamp, En Eff Mag Ballast

2-5' HO hybrid

2-6' 85W T12sHO Lamp Standard Ballast

1-8' VHO hybrid

2-8 HO hybrid

3-8' 60/75W hybrid

2-4' 110W hybrid

6-4' 34/40W hybrid

4-6 55W T12s Lamp, Standard Ballast (2)

4-8' 60/75W hybrid

25' 135W T12SVHO Lamp Standard Ballast(1)

26' 160W T12sVHO Lamp, Standard Ballast

3-8' HO hybrid

. 4-5' 50W T12s Lamp, Standard BalIast(2)

6-6 55W T12s Lamp, Std. Ballast (3)

2-8' VHO hybrid

4-6' 85W T12sHo Lamp Standard Ballast (2)
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14.2 Measure Characterizations

14.2.1Premium T8/T5

14.2.2 Applicability

Retrofit

14.22. 1 Applicable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.

142.22Measure Description

Refer to the Solutions for Business measure found in Section 9.2.2

14.2.2.3 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.2

142.24 Efficient Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.2

14.2.25Unif Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

14.22.6Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200894.

I
I
i

so http://www.deeresources.ooml
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14227 Incremental Measure Cost

The incremental cost for this measure varies depending on the lamp type and lamp length and includes
the total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different fixture types can be found in Table 14-2.

14.22.8AnnuaI Energy Savings Algori thm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-2.

m n - " " 1 § , " " a l w h = < 1 + m

Where:

Akwh

Wbase

Wee

O pHrs

E I F

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

14.2.29 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-2.

uma..¢.a m+nmmw
Where:

AkWcoH1cident

Wbase

W ee

D I F

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

14.2.210 A Igorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.
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Table 14-2. Measure Lookup Values - Premium T8/T5

DFC FE lFMeasure OpHrs Wvsise WEE DIF Incremental
Cost

(Silamp)

0.16 0.14 0.73 0.79

0.15 0.14 0.73 0.79

4234

4234

119

73

62

55

$56.66

$55.51

T12 to Premium T8/T5

T8 to Premium T8/T5

14.2.3 T12 to TG Delamping

14.23. 1 Applicability

Retrofit

1423.2Applieable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.

14.233 Measure Description

Refer to the Solutions for Business measure found in Section 14.2.3

14.2.3.4 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 14.2.3

142.35Efficient EquipmentDefinition

Refer to the Solutions for Business measure found in Section 14.2.3

14.2.3. 6 Unit Basis

This measure's incentive, savings, and incremental measure most are determined on a "per lamp" basis.

14.2.3. 7 Effective Useful Life

This measure has an effective useful life of 15 years determined from DEER 200895.

I

as http:/lwww.deeresources.com/
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14.Z3.8Incremental Measure Cost

The incremental cost for this measure varies depending on the lamp type and lamp length and includes
the total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different fixture types can be found in Table 14-3.

14Z3.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-3.

nw--t"',§,"'2.-n-==~u+ln

Where:

Akwh
Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy Interaction Factor

14.23. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-3.

ailw5.,,-° ';',"l">41+nn:anara

Where:

AkWooiricidenl

Wbase

Wee

D IF

D F

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

74.23.11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.
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Table 14-3. Measure Lookup Values - Delamping

CF DFElFMeasure OoHrs WI WE; DIF l

i
Incremental

Cost
($llamp)

47 0.16 0.14 0.73 0.791634234 $51 .97T12 to Premium T8
Delamping

14.2.4 Screw-In CFL

1424. 1 Applicability

Retrofit

14.24.2Applicable Programs

This measure is applicable to APS' Solutions for Business Express Solutions Program.

14.2.4.3 Measure Description

Refer to the Solutions for Business measure found in Section 9.2.5

14.2.4.4 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.5

14.2.4.5 Efficient Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.5

14.24.6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

14.24 7 Effective Useful Life

This measure has an effective useful life of 2 years determined from estimated CFL lifetime and from
annual hours of operation .

1428.8 IncrementalMeasure Cost

The incremental cost for this measure varies depending on the wattages of the CFLs and includes the
total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different lamp wattages can be found in Table 14-4.
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14.2.4.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-4.

lnl\=5=,,?*=wn=w+=IJ

Where:

Akwh
Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

1424.10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-4.

w e - m+m=m¢

Where:

AKWcoinddent
Wbase
Wee
DIF
DF
CF

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Demand Interaction Factor
Diversity Factor
Coincidence Factor

14.2.4. 11 Algorifnm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.
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Table 14-4. Measure Lookup Values - Screw-In CFL

CFElF DFMeasure WEE DIFWbawOpHrs Incremental
Cost

($llamp)

Screw-In CFL 3987 68 4.8316 0.19 0.16 0.73 0.79

14.2.5 Hardwired CFL

14251 Applicability

Retrofit

142.i2Applicable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.

14.253 Measure Description

Refer to the Solutions for Business measure found in Section9.2.6

14.2.5.4 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.6

142.55Efficient Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.6

14.256UnitBasis

This measure's incentive, savings, and incremental measure cost are determined on a "per fixture" basis.

14.2.6 Effective Useful Life.

i

This measure has an effective useful life of 12 years determined from estimated CFL lifetime and from
annual hours of operation.

14.2.7 Incremental Measure Cost

The incremental cost for this measure varies depending on the type of efficient exit sign being installed
and includes the total material and labor costs. Incremental costs are derived from contractor interviews
and secondary sources. Specific incremental costs for different exit signs can be found in Table 14-5.

Page 260
Technical Reference Manual
Arizona Public Service EnergyEfticiencyPrograms



NAVIGANT

14.2.8 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-5.

n = l r = ° ' T : " ' = n n l = = r 1 + w J

Where:

Akwh
Wbase
Wee
OpHrs
ElF

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Hours of Operation
Energy interaction Factor

14.2.9 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-5.

aHia.. M m+wu>mw
Where:

AkWcoinddenl

Wbase

Wee

DIF

DF

C F

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

14.2.10 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.

Table 14-5. Measure Lookup Values - Hardwired CFL

Measure CF DFElFWe?IS€. WEE DIFOpHrs Incremental
Cost ($lfixture)

Hardwired CFL 3987 62 0.19 0.16 0.73 0.7915 $95.65
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14.2.11Screw-in LEDs (LED Lamps)

14.211. 1 Applicability

Retrofit

14.211.2Applicable Programs

This measure is applicable to APS' Solutions for Business Express Solutions Program.

14211.3 Measure Description

Refer to Solutions for Business Section 9.2.16

14.211.4Baseline Equipment Definition

Refer to Solutions for Business Section 9.2.16

14.2.11.5 Efficient Equipment Definition

Refer to Solutions for Business Section 9.2.16

14.211.6 UnitBasis

This measure's incentive, savings, and incremental measure cost are determined on a "per lamp" basis.

14.2. 11. 7 Effective Useful Life

This measure has an effective useful life of 7 years based on estimated LED lifetime and from annual
hours of operation.

14.211.8 Incremental Measure Cos t

The incremental cost for this measure, which only includes total material costs, varies depending on
wattages of different LED lamps and whether such lamps have reflectors. IncreMental costs are derived
from contractor interviews and secondary sources. Specific incremental costs can be found in Table 14-6.

14.211.9 Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-e.i
418*1l' "l!!iWWl+

Where:

Akwh

Wbase
Energy savings for measure (in kph)
Baseline Wattage of Lamp
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W e e

OpHrs
ElF

Efficient Wattage of Lamp
Hours of Operation
Energy Interaction Factor

14.211. 10 Coincident Peak DemaNd Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-6.

l

ma-- m+nlo=ww
Where:

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Lamp
Efficient Wattage of Lamp
Demand Interaction Factor
Diversity Factor
Coincidence Factor

AkW¢°maaeni
Wbase

Wee

DIF

DF

C F

14.2 11. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business programs.

Table 14-6. Measure Lookup Values - Screw-In LED

ElF CFMeasure WEE DIFWLHIsQOp Hr s Incremental
Cost

($llamp)

Screw-In LED 0.20 0.17 0.71 34.2610553676

14.2. 12 Exit Signs

14.2121 Applicability

Retrofit

14.2. 122Applicable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.
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142123 Measure Description

Refer to the Solutions for Business measure found in Section 9.2.7

14.2124 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.7

14.2125Efficient Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.7

142126' Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per exit sign"
basis.

14.2. 127 Effective Useful Life

This measure has an effective useful life of 16 years determined from DEER 200896.

14.2.12.8 Incremental Measure Cost

The incremental cost for this measure varies depending on the wattages of the CFLs and includes the
total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different lamp wattages can be found in Table 14-7.

14.2. 129Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-7.

"&=UI¥T:5i12mun-=~¢1+m'z

Where:

Akwh

Wbase

Wee

Energy savings for measure (in kph)
Baseline Wattage of Fixture
Efficient Wattage of Fixture

as http://www.deeresources.com/
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l

OpHrs

E lF

Hours of Operation
Energy Interaction Factor

14.2. 1210 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-7.

ni .=9 m+m=mn
Where:

Coincident peak demand savings for this measure (in kw)
Baseline Wattage of Fixture
Efficient Wattage of Fixture
Demand Interaction Factor
Diversity Factor
Coincidence Factor

AkWooinddenl

Wbase

Wee
DIF

D F

C F

14.212 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.

Table 14-7. Measure Lookup Values - Exit Signs

DIF CF DFMeasure ElFWbase WEEOp Hr s Incremental Cost
($lexit sign)

0.16 0.14 1.00 1.004568760 $58.76Exit Signs

14.2.13 Occupancy Sensors

14.2.13. 1Appli¢abimy

Retrofit and New Construction

14.213.2Applicable Programs

This measure is applicable to APS' Solutions for Business Express Solutions Program.

14.213.3Measure Description

Refer to the Solutions for Business measure found in Section 9.2.8

Page 265
Technical Reference Manual
Arizona Public Service Energy Efficiency Programs

I
I
.



NAVIGANT

14213.4 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.8

14.2.1&5Eft7cient Equipment Definition

Refer to the Solutions for Business measure found in Section 9.2.8

14.21&6 Unit Basis

This measure's incentive is based on a "per connected watts" basis, whereas the measure's savings and
incremental measure cost are determined on a "per sensor" basis.

142137Effectlve Useful Life

This measure has an effective useful life of 8 years determined from DEER 200897.

14.213.8IncrementaI Measure Cost

The incremental cost for this measure varies depending on the number of sensors installed and includes
the total material and labor costs. Incremental costs are derived from contractor interviews and secondary
sources. Specific incremental costs for different lamp wattages can be found in Table 14-8.

I
I
I

14.2. 13.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-8.

nm- mm w+mmm

Where:

Akwh
WCL
OpHrs
ElF
ESF

Energy savings for measure (in kph)
Connected Load of Lighting Equipment
Hours of Operation
Energy Interaction Factor
Energy Savings Factor

14.21310 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-8.

91 htlp://www.deeresources.com/
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Where:

AkWcdncident
WCL

DIF

C F

DF

DSF

Coinc ident peak demand savings for  this measure ( in kw)

Connected Load of  Lighting Equipment

Demand Interac tion Fac tor

Coinc idence Factor

Diversi ty  Factor

Demand Savings Fac tor

1 4 2 . 13.  11 Algor i thm I n p u t Values  by  Meas ur e

The values presented in the following table are based on histor ical par tic ipation data for  the Solutions for

Business Express Solutions Program.

Table 14-8. Measure Lookup Values - Occupancy Sensors

Measure C F DFElF DSF ESFOp Hr s DIF Incremental Cost
($lsensor)

8760 0.13 0.12 0.16 0.39 0.73 0.79 $144.57
Oc c upanc y

Sensors

14.2. 14 Vending Machine Reach-in Controls

14.214. 1 Applicability

Retrof i t

14.2.142Applicable Programs

This measure is applicable to Aps' Solutions for  Business Express Solutions Program.

14. 2143 Meas ur e Des c r i pt i on

i
I

This refr igeration end-use measure promotes the installation of  controls wi th passive infrared occupancy

sensors on beverage and snack machines to turn of f  f luorescent lights and other  refr igerated system

when the surrounding area is unoccupied for  15 minutes or  longer.

14.2. 14.4Bas el i ne Equi pment  Def i n i t i on

The baseline case refers to beverage and snack machines' ref r igerated systems without occupancy

sensor  controls.
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14214.5 Efficient Equipment Definition

The efficient case refers to beverage and snack machines' refrigerated systems with occupancy sensor

controls to tum of fluorescent lights and other refrigerated systems when the surrounding area is

unoccupied for 15 minutes or longer.

1 4 2 1 4 6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per machine"

basis for refrigerated display cases.

14214 Effective Useful Life

This measure has an effective useful life of 12 years determined from professional judgment.

142148 Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are

based on interviews with industry experts and secondary sources. Specific incremental costs can be

found in Table 14-9.

14.2. 14..9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric

values for the variables can be found in Table 14-9.

ann»n=1.1r»sl,,,,arlnf

Where:

Akwh

kWhbase

ESF

Energy savings for measure (in kph)

Baseline Annual Energy Usage

Energy Savings Factor

14.21410 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this

measure. Numeric values for the variables can be found in Table 14-9.I
I
I

.,,___..9,,..,,.

Where:

AkW¢°ir»daeni
kWhnase

LF

DSF Coincident peak demand savings for this measure (in kw)

Baseline Annual Energy Usage

Load Factor

Demand Savings Factor
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CF Coincidence Factor

1421411 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.

Table 14-9. Measure Lookup Values - Vending Machine Controls

LFCFDSF ESFMeasure kWhh.z. Incremental
Cost

($lmachine)

0.23 0.46 0.87 0.60

0.15 .30 0.87 0.60

0.23 0.46 0.87 0.60

3500

4000

700

Beverage Machine Controls

Reach-in Cooler Controls

Snack Machine Controls

$192.50

$168.50

$87.50

14.2. 15Novelty Case Controller

142151 Applicability

Retrofit

14.2. 152 Applicable Programs

This measure is applicable to APS' Solutions for Business Express Solutions Program.

142. 153 Measure Description

This refrigeration end-use measure promotes the installation of on/off controls on novelty coolers to shut
down coolers when a business is closed.

14.2. 154 Baseline Equipment Definition

The baseline case refers to novelty coolers without on/off controls.

14.2. 155 Efficient Equipment Definition

The efficient case refers to novelty coolers with on/off controls.

14.2 15 6 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per controller"
basis.

14.2157 EffeCtive Useful Life

This measure has an effective useful life of 12 years determined from professional judgment.
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142 158lncrementaI Measure Cost

The incremental cost for this measure includes total material and labor costs, which are derived from
contractor interviews and secondary sources. Specific incremental costs can be found in Table 14-10.

1421.i9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-10.

883an

Where:

Ak w h

KWhbase

E S F

Energy savings for measure (in kph)
Baseline Annual Energy Usage
Energy Savings Factor

1421510 Coincfdent Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 1410.

aur4,,,,.,-§;';">¢w»a

Where:

Coincident peak demand savings for this measure (in kw)
Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
Coincidence Factor

AkWooincidenl

kWh:>ase

L F

D S F

C F

14.21511 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.

Table 14-10. Measure Lookup Values - Novelty Case Controls

Measure CF LFD S F E S FkWhb?4si: Incremental
Cost

($/machine)

6567 0.00 0.20 0.87 0.60 $325.00Novelty Case Controller
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14.2. 16 Anti-Sweat Heater Controls

14.2 1a 1 Applicability

Retrofit

14.2162Applicable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.

14.2. 1613 Measure Description

Refer to the Solutions for Business measure found in Section 12.2.1

1421&4 Baseline Equipment Definition

Refer to the Solutions for Business measure found in Section 12.2.1

14.2185 Efficient Equipment Definition

Refer to the Solutions for Business measure found in Section 12.2.1

14.2156 Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per linear foot"
basis for refrigerated display cases.

1421a7 Effective Useful Life

This measure has an effective useful life of 12 years determined from DEER 200898.

1421&8 Incremental Measure Cost

The incremental cost for this measure includes the total material and labor costs. Incremental costs are
based on interviews with industry experts and secondary sources. Specific incremental costs Can be
found in Table 14-11.

14216i.9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-11 .

W W MMI -sir;

Se hltp://www.deeresources.oom/
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Where:

Akwh
k W h b a s e

ESF
ElF

Energy savings for measure (in kph/LF)
Baseline Energy Usage per LF
Energy Savings Factor
Energy Interaction Factor

14.2.1&10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-11 .

-.-- 9

Where:

AkW¢°indaem

kWhbase

D S F

E I F

C F

Coincident peak demand savings for this measure (in kw/LF)
= Baseline Energy Usage per LF
Demand Savings Factor
Energy Interaction Factor
Coincidence Factor

142. la 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.

Table 14-11. Measure Lookup Values - Anti-Sweat Heater Controls

Measure ElFkWh>asc DSF ESF CF inc rem enta l

Cost ($/LF)I
i

0.24

0.15

1

1

1641.6 0.15 0.61

942.4 0.13 0.83

$181.96

$92.28

Low Temp Anti-Sweat Heater Controls

High Temp Anti-Sweat Heater Controls

14.2.17 Evaporator Fan Motor Controls

14.217. 1 Applicability

Retrofit

14.21Z2Applicable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.
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1421Z3Measure Description

This refrigeration end-use measure promotes the installation of controls in medium temperature walk-in
coolers. The controls vary airflow provided by the evaporator fans as the cooling load changes.

14.21Z4 Baseline Equipment Definition

The baseline case refers to a walk-in cooler without controls on evaporator fans with electronically
commutated motors (EcMs).

1421Z5 Efficient Equipment Definition

The efficient case refers to a walk-in cooler with controls on the evaporator fans.

14.2. 176Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per motor' basis.

14.2 1z7 Effective Useful Life

This measure has an effective useful life of 12 years determined from professional judgment.

14.21Z8Incremental Measure Cost

The incremental cost includes the total material and labor costs, which are based on interviews with
industry experts and secondary sources. Specific incremental costs for different motor types can be found
in Table 14-12.

14.21Z9Annual Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-12.

Nina-nlura,,,au\:I

Where:

Akwh
kWhbase
ESF

Energy savings for measure (in kph)
Baseline Annual Energy Use per Motor
Energy Savings Factor

14.2. 17 10Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-12.

mm..."M W*l|'°f"||;|]g|°"""
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Where:

AkW¢oir»ciaem Coincident peak demand savings for this measure (in kw)
= Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
Coincidence Factor

kWhbase

L F

D S F

C F

14.21z 11 Algorithm Input Values by Measure

Table 14-12. Measure Lookup Values - Evaporator Fan Motor Controls

LFDSF ESF CFMeasure kWhba8r Incremental
Cost

($lmotor)

1179 0.00 0.42 0.87 1.00 $245.83Evaporator Fan Motor Control

14.2.18 Electronically Commutated M otors

14.2.18. 1 Applicability

Retrofit

14.2. 18.2Applicable Programs

This measure is applicable to APS' Solutions for Business Express Solutions Program.

14.21a3 Measure Description

This refrigeration end-use measure promotes the replacement of standard-efficiency shaded-pole
evaporator fan motors in refrigerated display cases or fan coil in walk-ins with ECMs.

14.2 18.4Baseline Equipment Definition

The baseline case refers to a refrigerated display case with standard-efficiency shaded pole evaporated
fan motors. Existing refrigerated display cases may have existing controls.

i
14.218.5 Efficient Equipment Definition

The efficient case refers to a refrigerated display case with ECMs.

14.2. 1a6 Unit Basis

This measure's incentive, savings, and incremental measure most are determined on a "per motor' basis.
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74.2187Effective Useful Life

This measure has an effective useful life of 12 years determined from professional judgment.

1 4 2 1618lncremental Measure Cost

The incremental cost includes the total material and labor costs, which are based on interviews with
industry experts and secondary sources. Specific incremental costs for this measure can be found in
Table 14-13. .

14.21&.9Annual Energy Savings Algorftnm

The following algorithm is used to estimate annual energy saving impacts for this measure. Numeric
values for the variables can be found in Table 14-13.

&§h=m 11igg

Where:

Ak w h

kWhbase

E S F

Energy savings for measure (in kph)
Baseline Annual Energy Use per Motor
Energy Savings Factor

14.2. 1810 Coincident Peak Demand Savings Algori thm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-13.

_ milt...ai*"*"l.Ix9?6$aW¥X¢

Where:

AkWooincidenl

base

L F

D S F

C F

Coincident peak demand savings for this measure (in kw)
= Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
Coincidence Factor

14.218. 11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.
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Table 14-13. Measure Lookup Values - Electronically Commutated Motors

L:Cr:Measure kW h~ DSF Es= Incremental
Cost

($Imotor)

0.46 0.45 .0.87 1.00

0.46 0.46 0.87 1.00

2184

1272

$230.00

$230.00

Evaporator ECMs

Evaporator ECMs only using
existing controls

14.2. 19Electronieally Commutated Motors and Control

14219. 1 Applicability

Retrofit

14.2192Applicable Programs

This measure is applicable to Aps' Solutions for Business Express Solutions Program.

14.2. 19.3Measure Description

This refrigeration end-use measure promotes both the replacement of standard-efficiency shaded-pole
evaporator fan motor in refrigerated display cases or fan coil in walk-ins with ECMs and the installation of
controls.

14.219.4 Baseline Equipment Definition

The baseline case refers to a refrigerated display case with either standard-efficiency shaded pole
evaporated fan motors but having no controls.

14.2. 19.5Efficient Equipment Definition

The efficient case refers to a refrigerated display case with ECMs and controls.

14.219.6Unit Basis

This measure's incentive, savings, and incremental measure cost are determined on a "per motor' basis.

14.2. 19. Effective Useful Life

This measure has an effective useful life of 12 years determined from professional judgment.

14.219.8 Incremental Meas are Cost

The incremental cost includes the total material and labor costs, which are based on interviews with
industry experts and secondary sources. Specific incremental costs for different controls configurations
can be found in Table 14-14.
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14.21.9.9AnnuaI Energy Savings Algorithm

The following algorithm is used to estimate annual energy saving Impacts for this measure. Numeric
values for the variables can be found in Table 14-14.

l\"l=lll.-.I

Where:
l
l

Akwh

kWhbase

ESF

Energy savings for measure (in kph)
Baseline Annual Energy Use per Motor
Energy Savings Factor

14.219. 10 Coincident Peak Demand Savings Algorithm

The following algorithm is used to estimate annual coincident peak demand saving impacts for this
measure. Numeric values for the variables can be found in Table 14-14.

III'4"
8 """""'=l.Fx8!%6'Mg*

Where:

AkWcoinddenl
kwhb8s8
LF
DSF
CF

Coincident peak demand savings for this measure (in kw)
= Baseline Annual Energy Usage
Load Factor
Demand Savings Factor
Coincidence Factor

14.21a11 Algorithm Input Values by Measure

The values presented in the following table are based on historical participation data for the Solutions for
Business Express Solutions Program.

Table 14-14. Measure Lookup Values - Evaporator ECM and Controls

Measure DSF ESF CF LFkWhl:ase Incremental
Cost

($/motor)

2184 0.46 0.69 0.87 1.00 $475.83Evaporator ECMs & Controls
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15. SOLUTIONS FOR BUSINESS PROGRAM - ENERGY INFORMATION
SERVICES

15.1 Algorithm Input Descriptions

Savings for the Energy Information Services program are deemed values based on evaluation results and
do not employ engineering algorithms.

15.2 Measure Characterizations

15.2.1 Energy Information Services (ElS)I
I

15121.1 Applicability

Retrofit

i
I.
I
I

I. 152. 1.2Applicable Programs

This measure is offered through the Energy Information Services (Els) program under the Solutions for
Business umbrella.

1521.3 Measure Description

The ElS Program helps large customers (>100 kw) save energy by giving them a better understanding
and control of their facilities' electric use. ElS provides data not only regarding usage and demand, but
also identifies when, where and how much power is used in specific areas of each facility. This detailed
information allows customers to tine-tune equipment use and operations and to document the impact of
those changes.

Participating customers monitor their electric usage through a web-based energy information system that
allows them to receive historical (up to previous day) 15-minute usage and demand graphics. This
information can be used to improve or monitor energy usage patters, reduce energy use, reduce
demands during on-peak periods and better manage overall energy operations. .

1521.4 Baseline Definition

The baseline condition is the operation and electric usage pattern of a customer and/or facility without
access to the web-based energy information system.
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152 1.5Efficient Definition

The efficient condition is the modified operation and electric usage pattern of a customer and/or facility
due to the feedback provided through the web-based energy information system.

1521.6Ur" Basis

This measure's savings and incremental measure cost are normalized on a "per meter installed" basis.

1521.7Effective Useful Life

This measure has an effective useful life of 5 years based on expected lifetime of various O8\M changes
discovered through the.MER process.

I
I

15.21.8IncrementaI Measure Cost
!
I The incremental cost of installing a single ElS meter to enable the 15-minute interval data is $1225 based

on feedback from the program implementer.

152.1.9Annual Energy Savings Algorithm
I

I Program savings are based on in-depth interviews with program participants regarding their modified
energy use and operations schedules. Savings were quantified through an analysis of interval meter data
sourced from ElS and linked to identifiable actions mentioned in the interviews. The normalized savings
are presented in Table 15-1 .

152.1.10Coincident Peak Demand Savings Algorithm

Program savings are based on in-depth interviews with program participants regarding their modified
energy use and operations schedules. Savings were quantified through an analysis of interval meter data
sourced from ElS and linked to identifiable actions mentioned in the interviews. The normalized savings
are presented in Table 15-1 .

15.3 Algorithm Input Values

Table 15-1 . Deemed Savings Values for ElS

Measure Energy Savings
(kWh/meter)

Coincident Peak Demand
Savings (kW/meter)

Incremental Cost
($lmeter)

524 30 $1225.00
Energy information

Services
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